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Bay Area Rapid Transit District 
FEASIBILITY STUDY FOR AN INFILL BART STATION 


In San Francisco, at 30" & Mission Streets 


EXECUTIVE SUMMARY 
Introduction 


This study is intended to assess the feasibility of constructing a new Bay Area Rapid Th ransit 
(BART) Station on the existing BART Mission Street line between the existing stations at 24” 
Street and Glen Park. This study has been funded by an earmarked State grant of $400,000. 


The scope of this technical study is limited to the engineering, construction impacts and costs, as 
well as operational factors involved in the development of a new infill station at 30" Street. The 
scope of the study does not include the potential for transit improvements other than a BART 
station. Nor does it address city or urban planning factors nor an assessment of the potential 
environmental impacts. The purpose of the study is to evaluate, not to advocate. 


The original BART system was completed along the Mission Street Corridor in the late 1960's. 
Stations were constructed at 16" Street, 24” Street, and at Glen Park. More recently, the 
potential need for additional transit access in the area between the existing 24” Street and Glen 
Park Stations has been identified. The distance between the 24” Street and Glen Park Stations is 
the longest between any two adjacent San Francisco BART stations. 


Origins « of the Concept: Director Tom Radulovich of BART had long been interested in the idea 
of a 30" Street infill station. In 1998, his idea prompted a review of ridership potential by the 
San Francisco County Transportation Authority for a new BART station at 30" and Mission, 
selected for its centrality, potential for joint-development, and immediate connections to several 
major MUNI bus and light rail lines. In 2000, Director Radulovich worked with California 
Assemblyperson Carole Migden (D-San Francisco) to secure a State budget grant to study the 
feasibility of this proposal in greater detail. 


Neighborhood Context: By reducing the longest station gap in the San Francisco BART line, the 
new station would serve the Mission, Bernal Heights, Upper Noe Valley, Fairmont Heights and 
Glen Park neighborhoods. It would also generate new transit trips. In addition, the station 
could provide excellent connections between BART and several important MUNI routes. The 
30" and Mission Street Station could also support the goals of the San Francisco housing and 
economic development programs. 


The project has won support from a broad range of neighborhood groups and individuals. San 
Francisco Supervisors Tom Ammiano and Mark Leno have endorsed the idea, as have the Upper 
Noe Neighbors, Bernal Heights Democratic Club, Noe Valley Democratic Club, and the Mission 
Merchants Association. Three public meetings have been held in the vicinity of the site. 
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BART Operational Improvements: The possibility of a major construction project at this 
location along the BART line also affords an opportunity to make other physical improvements 
to BART fixed facilities that could be beneficial in supporting and improving BART operations. 
For example, construction of a ‘pocket track’ in conjunction with the station could provide a 
turnback for some trains and for storing disabled trains to permit more flexible operations. 


BART Policy on System Expansion: Implementation of the 30” and Mission Street Station 
project would have to meet requirements of the new BART Policy on System Expansion. 


Existing Conditions 


Existing BART Alignment: The existing BART line in this vicinity is a twin track tunnel 
approximately 30-40 feet below street level. The proposed new station site is located along a 
segment of 3.12 per cent grade. 


Existing BART Operations: Four of the five BART lines pass through the station site. Train 
headways (time intervals between trains) vary between 3.5 and 10 minutes, depending on time of 
day and day of the week. All trains that operate through the proposed site must also transit the 
Transbay Tube, which is the main capacity restraint in the BART system. Minimum train 
headway along this line is presently 2.5 minutes (24 trains per hour). However, BART is 
installing an Advanced Automatic Train Control (AATC) system that will result in reduction of 
the minimum headway and increase capacity. Existing BART ridership through this segment is 
about 130,000 passengers on each weekday. 


Existing Surface Street_and Right-of-Way Conditions: The proposed station site occupies a 
segment of Mission Street which extends from 30” Street/Eugenia Street on the south to 29" 


Street at the north. Mission Street is about 56 feet wide, curb to curb, accommodating four 
through—traffic lanes and curb parking. 


Buildings are from two to four stories high, mostly pre-World War II construction of commercial 
and residential use. However, there is one large modern four-story apartment building with 
street level commercial on the east side of Mission Street. A large Safeway parking lot occupies 
the west side of Mission Street just south of Virginia. 


Existing MUNI Transit Service: The San Francisco MUNI operates seven routes through the 
proposed station vicinity. Of note is the 14-Mission trolley bus, which provides local transit 
service generally above and parallel to the BART line along the entire Mission Street Corridor. 
The nearby J-Church light rail line on San Jose Avenue and Church Street is an alternative 
downtown rail transit route. The 24-Divisadero and 49-VanNess trolley buses are important 
crosstown routes. 


Applicable Project Guidelines & Design Criteria 


The most important design criteria as they relate to a possible 30" Street Station are: 


e Design Speed: Maximum speed of 80 mph and 36 mph for track approaches near station 
platforms and through turnout (switches). 
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Track Gradient: The maximum gradient for the track at platforms is 1.0 per cent. This is 
a very important criterion, and it is a defining standard for this project. 


Platform Gradient: This is limited by the Americans with Disabilities Act (ADA) which 
requires that the platform be nominally level, but no more than 1.5 per cent. 


Platform Length: Shall be adequate for a ten-car train, about 700 feet 


Other BART Functional Criteria: The following criteria relate to providing for certain needed 
functions of the proposed new facility: 


Maintain Line Capacity: The new station should not significantly degrade the capacity of 
the BART line. 


Construction Impacts: The construction of the new facility should not unduly hinder 
BART train operations during the course of the work. 


Provide Mainline Bypass Track: With a bypass track, some trains may not have to stop 
at the station. Accordingly, these trains would have a shorter travel time and provide 
better service to those passengers who do not need to use the new station. However, this 
would increase the wait time for those passengers that do wish to use the station. This 
issue introduces the concept of ‘off-line’ vs. ‘on-line’ platforms, which is addressed 
further for the specific alternatives. 


Train Turnback: A train turnback capability can be considered to permit reversal of 
revenue trains (trains carrying passengers) or for side-tracking of malfunctioning trains. 

However, the additional cost of such an adjunct should be considered separately from the 
basic station cost. 


Alternative Development 


All potentially feasible alternatives need to be developed with a common philosophy and 
approach, and must have certain basic features in common: 


1 


Basic Station Configuration: The new station must provide separate platform and 
mezzanine levels. 


Station Grade: The requirement to revise the track grade at the platforms from the 
existing 3.1 percent to a flatter 1.0 per cent obligates the design to include extensive 
reconstruction, including long approach tunnels, to provide the needed transition. This 
results in a construction segment considerably longer and more costly than would have 
been the case if the grade-reduction problem did not exist. 


‘Off-Line’ Construction: Because the new tracks must be constructed on a different 
profile grade than the existing, the new tracks and platforms must be constructed 
separate from, and away from the existing tunnels. 


Merge of New Work into the Existing Tunnels: At the extreme ends of the new tunnels 
and trackage these have to be connected into the existing tunnels and tracks. Much of the 
construction work at the four merge locations would be in close proximity to the 
operating tracks and could only be safely performed while BART service is suspended. 
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5. Operational Considerations: The introduction of a new additional station on the line 
would result in an increase of travel times for all trains that stop at the station. 


Alternatives Considered: A total of seven alternatives were originally developed and considered. 
In addition, an on-line alternative using the existing tunnels and tracks was also previously 
suggested. The latter concept is now considered infeasible. The two most promising alternatives 
were chosen by BART staff so as to best represent two fundamental objectives. Alternative ‘A’ — 
On-Line Station with Optional Turnback has been developed as a lowest-cost option. 
Alternative ‘B’ —Off-Line Station with Full Turnback has been developed as an option that 
could support optimum operations of the BART system. 


Alternative ‘A’ Description: On-Line Station with Optional Turnback (Least Cost Alternative): 


This concept, as shown in Report Figure 5, involves construction of the new northbound and 
southbound station platforms and tracks on the outside flanks of the existing BART tunnels. The 
new station is planned on a 1.0 per cent grade and thus new approach tunnels are required to 
conform back to the existing tunnels on south end. In this scheme, the two BART tracks would 
be relocated to the new station and tunnels and there would be no other tracks provided. The 
center platform would extend across between the two tracks. 


The basic scheme requires no track turnouts or junctions, however, a separate Option has been 
analyzed to provide a turnback pocket track to the south of the new station in the space between 
the two new main line tunnels. The purpose of the turnback would be to permit reversal of some 
revenue trains from the north and/or as a location to remove disabled trains from the main line. 


Alternative ‘A’ Advantages: 
e Simplest track configuration and train operations 
e All trains would stop at the new station 
e A narrower mezzanine is needed than for Alternative ‘B’ thus reducing property impacts 
e = The single, wide center station platform is a passenger amenity 


¢ The basic scheme does not include crossover tracks or turnouts, which would be disruptive to train service 
to construct 


¢ An optional turnback track is possible at extra cost 


e = The basic scheme has marginally lower construction cost than Alternative ‘B’ 


Alternative ‘A’ Disadvantages: 


e ©The new station stop would reduce BART main line capacity 

e New track curves may impose additional train speed restrictions 

e Less operational flexibility than Alternative ‘B’ which permits train bypass of the station 
e = The optional turnback track is costly and is not easily accessible from the south 


e = The station platform level would need to be constructed in two stages 
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Alternative ‘B’ Description - Off-Line Station with Full Turnback (Optimum BART Operations): 


This scheme, shown in Report Figure 6, provides for new station platforms and tracks in 
addition to retaining the existing tracks and tunnels as a main line bypass. This Alternative also 
provides an operational option for turnback capability and/or disabled storage train. Many 
features are similar to Alternative ‘A’ but, unlike Alternative ‘A’, this alternative utilizes 
turnouts at all the tunnel merge locations so that trains approaching the station may either 
proceed to a stop at the platforms or bypass the station using the pre-existing tunnels and tracks. 


This scheme could accommodate express trains that would bypass the station. This type of 
operation would improve speed and runtime of some trains and thus support higher line 
capacity. But if too many of the trains were express runs, service to the new station would be 
diminished. The double crossover north of the station could serve as a revenue turnback for 
trains to/from the north. However, the use of the center tracks for either turnback or storage 
conflicts with their possible function as bypass tracks. These different functions cannot occur at 
the same time. 


Alternative ‘B’ Advantages: 
e Provides bypass tunnels facilitating express train operations 
¢ Compared to Alternative ‘A’, minimizes capacity reduction in BART system 
e No new restrictions on express train speed 
e More flexibility in turnback operations and for sidetracking and holding trains 


e = The station platform construction could be completed in one stage 


Alternative “B” Disadvantages: 
¢ Greater operational complexity 
e Potential for delay of trains reentering main line from the platform tracks 
e All trains may not provide service to the station 


e Express train turnback operations and disabled train storage are mutually exclusive uses of the second pair 
of tracks 


e¢ = The turnback capability is available only to/from the north 
e More complex trackwork, especially the crossovers, may increase service interruptions during construction 
© More right-of-way needed than the basic Alternative ‘A’ 


e Separate narrow platforms are less attractive for passenger use than a center platform, and need 
additional escalators and elevators resulting in higher operating costs 


e The separate platforms might also be more confusing to use for passengers boarding or transferring 
to/from turnback trains. 


e Slightly higher construction cost than Alternative ‘A’ 
Right-of-Way and Construction Impacts 
The station consisting of the mezzanine and most of the platform area is too large to be tunneled 


or excavated out exclusively from below. Instead, open pit excavations would be needed for 
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most of the station box construction. These pit areas, which would be temporarily decked over, 
would also provide ingress for construction and egress for removal of excavated earth material. 


Right-of-Way: The ‘footprint’ of the station and its tunnel approaches extend beyond the right- 
of-way lines on both the east and west sides of Mission Street. Because much of the property 
frontage on the west side of the street is occupied by a Safeway parking lot, the station layout 
should favor right-of-way takes along the west side. The Safeway lot could then be rebuilt afier 
project completion. However, some buildings on both the east and west sides would be 
demolished. Some tunnel segments of the work, due to their depth, might be completed beneath 
existing buildings without disturbing them. 


Areas of Open Excavation: Three or four excavation pits would be required. The other station 
segments might be tunneled from below in order to save property impacts and buildings. The 
main pit would be excavated at the location of the station mezzanine. It would be located in the 
vicinity of Virgina Avenue and Godeus Street, at the Safeway parking lot. A second excavation 
would be located between 29th Street and Valencia Street, to the north of the main pit. The third 
excavation would be needed only for the Alternative ‘A’ option that includes the pocket track 
(‘wishbone’) connections. It would be located just south of the main pit. The fourth excavation 
pit would be further to the south, in the south quadrant of the Chenery Street/Miguel Street 
intersection. This site would provide for construction of the south tunnel-merge structures. 


Property Acquisition: The approximate number of properties likely to be taken vary from about 
23 for the basic Alternative ‘A’ to 32 for the Alternative ‘A’ option with a pocket track. In 
addition, there would be numerous buildings along Mission Street and above the south approach 
tunnels that would not be physically disturbed, but would be tunneled beneath within a 
subsurface right-of-way easement. 


Construction Impacts: The station box structures, which would accommodate the station 
platform and mezzanine and also the north tunnel-merge structures, would have to be 
constructed by cut-and-cover means. Due to the extreme depth of the southerly tunnel-merge 
location, excavation of the large pit all the way down from the surface there might not be 
feasible or desirable. If such is the case, the underground excavation would need to be 
accomplished working mostly from below. 


Staging and Sequencing: First, utilities would be relocated. In the next stage special ‘soil mix’ 
walls would be drilled along the street. Then a temporary deck would be constructed along one 
half of Mission Street while two lanes of traffic are rerouted onto the other half of the street. 
Excavation would proceed below. After traffic can be redirected onto the completed temporary 
decking, the second half of the street would be drilled and decked. The excavation could then 
proceed to completion beneath the full-width temporary decking, and at that time, all four traffic 
lanes could be restored to Mission Street. After the excavation had reached its full depth, the 
station box structure would be constructed. 


Tunneling and ‘Cut-In’ to the Existing Tunnels: The bored tunnels would be constructed from 
below grade so that the surface could remain undisturbed. At the extreme ends of the new 
tunnels and trackage, these would have to be connected into the existing tunnels. The merge 
construction of the project is highly problematic as it involves potential interruption of train 
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traffic and single-tracking of train service while the work proceeds. Much of the construction 
work at the merge locations would be in close proximity to the operating tracks and could only 
be safely performed while BART service is suspended. 


Track Construction: Construction of the trackwork and its foundations at the ‘cut-in’ locations 
would also be especially difficult, accomplished by three possible means: 


1. Modify Track Slab Fixation: This would be the preferred approach. New fasteners 
would be slipped under the existing rails and bolted onto the supported concrete. 
Initially, the new fasteners would be adjusted to support the existing rails. Then the pre- 
existing rail fasteners would be removed and the new fasteners quickly readjusted the 
new rail fittings. 


2. Use of ‘Boot-Ties’: These could be used in some locations in lieu of the special new 
fasteners. 


3. Conventional Switch Ties: Ties could be inserted one-by-one from the side of the track. 
However, a major disadvantage of this approach is the greater depth needed in cutting 
out the base slab. Either timber or concrete ties could be utilized. 


With any of these methods, all of the proper tie plates and fasteners to support each turnout 
would have been installed during a preparatory phase during numerous evening/night time 
service-interruption windows, which would involve single-track operations. Completion of the 
trackwork for insertion of the new segments of rail would require weekend-long service 
interruptions. 


Surface Traffic Detouring and MUNI Routes: During almost all of the construction period, 
vehicular traffic, including all MUNI bus routes, could be maintained on the surface of Mission 
Street on a temporary deck. However, during initial temporary deck construction and again 
during its removal, traffic would have to be restricted to only two lanes, one in each direction. 
On-street parking would have to be prohibited during the entire course of construction in order 
to free up room for construction vehicles. All MUNI bus routes, including the electric trolley 
buses, could be kept operating over the temporarily decked street at almost all stages of 
construction. 


Construction Schedule: The general sequencing would be similar for Alternatives ‘A’ and ‘B’. 
The total time requirement from inception of construction to completion would be about three 
and a half years. 


High-Risk Construction Issues: This project involves many unusual and difficult operations that 
entail risk. The meaning of risk is that there is a reasonable probability that unforeseen 
problems may arise or that foreseen problems might become more problematic than originally 
expected. Such factors include the possibility and increased potential for hazard during 
underground construction in constrained areas, and for construction near an operating rail 
system. To address these potential problems, all construction operations must be undertaken 
with utmost caution, with the most conservative safety measures fully enforced. In addition, 
costly special insurance policies might be warranted. 
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Maintenance of BART Service During Construction 


Useful construction windows cannot be provided during regular nighttime service suspension. 
Instead, construction on the tracks must involve reductions in revenue train service and single- 
tracking operations. Although it is possible in theory to set up substitute bus service (‘bus- 
bridges’), there are serious deficiencies to that approach. 


Therefore the option of single-tracking is the only remaining possibility; one of the two BART 
tracks is shut down for construction while trains from both directions take turns using the 
remaining track. This would impose considerable delay and inconvenience on patrons. It is not 
feasible to operate more than one line over the single track. Therefore, one of the two lines 
(such as operate on Sundays) would have to be turned back at each end of the single-track 
segment. 


It might be possible to supplement the single-track service with a bus-bridge or possibly with 
augmented parallel MUNI and/or Caltrain service. However, these are not sufficient alone to 
completely replace BART service. Substitute bus service was considered as a alternative, but 
was not found to be adequate. 


Operations Qualitative Review 


The following are the benefits and drawbacks of each Alternative: 
Alternative ‘A’ — Benefits: 


e The basic scheme has no switching, thus there is no additional delay created by merging revenue trains. 


e See below for benefits of turnback option. 


Alternative ‘A’- Drawbacks: 


¢ This scheme requires ail trains to stop at 30" Street and so lengthens end-to-end runtimes for all routes. 
This might require additional revenue vehicles to maintain headways. 


e All trains stopping at 30" Street would have to stop on a main line track, thus significantly reducing line 
capacity in both directions. 


Alternative ‘B’ — Benefits: 
¢ Permits ‘skip-stop’ (express) operation past 3 0” Street. 
¢ Compared to Alternative ‘A’, this scheme provides a four-track segment that has improved potential for 
delay mitigation. 
Alternative ‘B” - Drawbacks: 


e There is a potential for very long station dwell during the peak period for those trains that stop at the 
platforms and having to wait for a ‘gap in the bypass track schedule. 


« With very close headways and the potential train interactions, any delays or ‘off-set’ in timing for diverted 
trains to merge back onto main line, may result in reduced capacity. 


Alternative ‘A’ includes a turnback pocket track as an extra-cost Option. Alternative ‘B’ does 
not include a special turnback track, but would permit use of the two center bypass tracks for 
turnback as an operational option. If the center track were to be used for turnback/storage 
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function, it could not be simultaneously available as a bypass/express track. There are also two 
types of turnback use — One for reversing revenue trains, and a second for storage and reversing 
of disabled trains. 


Alternatives ‘A’ and ‘B’ Turnback Track — Benefits: 


© Operational flexibility by allowing revenue trains to turn back at 30" Street, out of the way of main line 
traffic. 

e Depending on the schedule, there may be the ability to reduce the need for rolling stock. 

e Capability to temporarily store disabled trains on the center track(s), out of the way of mainline traffic. 


Alternatives ‘A’ and ‘B’ Turnback Track — Drawbacks: 
¢ Operational complexity requires merging of trains leaving the pocket track into the main line. 
e For revenue turnback, trains would require three separate dwells (stop and starts). 


e The three possible uses of the center tracks of Alternative ‘B’ — (express trains, revenue train turnback and 
disabled train storage) are mutually exclusive at the same time. 


e The 3.21 per cent grade of the center tracks in Alternative ‘B’ is disadvantageous for their most effective 
use for train turnback and storage. 


e Construction of the Alternative ‘B’ double crossover tacks on the existing mainline could disrupt train 
operations. 


Capacity Review 


Two separate analyses were undertaken by BART staff to address system capacity. These 
include a headway simulation and a line capacity review: 


Analysis of train operations with and without a 3 0” Street Station was conducted by BART staff. 
A computer simulation was utilized based on operating assumptions with the objective to define 
train headways as the major index of system capacity ‘thruput’. Conclusions of the simulation 
clearly describe a degradation of BART line-haul services if a 3 0” Street station is implemented. 
The simulation shows that the addition of a new station would set back BART operations to a 
condition similar to that which prevailed before implementation of the new AATC system. 


In addition, a line capacity review was conducted to assess the impacts on Transbay capacity of 
adding an infill station. This additional analysis approached the ‘thruput’ problem by 
determining the magnitude of excess capacity of the Transbay line. It was then assumed that any 
such excess capacity would be available to serve the needed extra service demand of a new 30" 
Street Station. The analysis focused on estimating the available line capacity sufficient to meet 
Transbay demand during am and pm peak hour, peak direction, as these are the periods during 
which rolling stock and resources are taxed to the maximum. 


Significant eastbound line capacity for FY2020 may be available west of the major downtown 
stations, however this capacity is needed to satisfy Transbay demand and, therefore, should be 
reserved to meet the greatest demand at the maximum load point station, which is Embarcadero. 
Thus, eastbound Transbay traffic generated by the 30" Street Station, while assumed to be low, 
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would have detrimental impact on line capacity to the Eastbay, if it were to exceed the available 
Transbay capacity. 


Therefore both the simulation analysis as well as the line capacity review were in agreement that 
any additional traffic generated by a 30" Street Station, or any other infill station on the line, 
would be a detriment to BART system line capacity. 


Ridership 


The 1998 ridership projections by the San Francisco County Transportation Authority that 
showed between 3,700 to 5,000 riders using the 30" Street Station, did not anticipate the 
opening of the BART extension south of Colma nor include riders using BART to reach San 
Francisco International Airport or Millbrae and the Caltrain connection to points south. In 
addition, land use changes since that time and as proposed for the future by the City of San 
Francisco were not addressed. 


Currently, the San Francisco Planning Department and various neighborhood groups are 
planning to revisit zoning, land use and housing changes in the immediate vicinity of 30" and 
Mission. The outcome of these efforts would be essential in establishing the full magnitude of 
ridership and benefits of any new station there. 


Intermodal Considerations 


BART/MUNI Transfer: The service impact of anew BART station would generally occur in one 
of three ways relating to the existing MUNI routes: 


1. Those MUNI routes that run approximately parallel to the BART line, (14, 14L, 26, 29 
and ‘J’) and that already serve other existing BART stations, would be expected to lose 
only a very small amount of patronage to BART. 


2. For a crosstown MUNI route such as the 24-Divisadero, which presently does not serve 
any BART station, it would be expected that related transfer ridership would increase on 
both MUNI and BART. Indeed, a transfer between BART and the 24-Divisadero would 
be the greatest single intermodal improvement of the proposed project. The Hunter’s 
Point connection of the 24-line would be the most significant. 


3. For a local shuttle route such as the 67-Bernal Heights line, which already serves 
another BART station at 24” Street, it would be unlikely that a new 30" Street Station 
would have great impact on ridership. 


Parking: The objectives of this project do not include provision of BART station parking. 
Parking impacts of a new station would be limited to that resulting from surface street 
modifications needed to construct the new station. 


Handicapped Access: With respect to ADA and handicapped patron transfer to MUNI at a new 
30" Street BART Station, it is expected that few special facilities would be needed on the surface 
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of Mission Street. There would be a slight improvement to handicapped transit access due to 
improved interconnectivity and access to the fully accessible BART system. 


Cost Estimates 
Alternative ‘A’ Alternative ‘A’ Alternative ‘B’ 
On-Line Station with Pocket Track | Off-Line Station 
Basic 
yt} 
Construction Cost: $261,261,000 $309,183,000 $271,133,000 
a 
Contingencies @ 25% 65,315,000 77,296,000 67,783,000 
Administration, Engineering and 117,567,000 139,132,000 122,010,000 
Operations (‘Soft Costs’) 
TOTAL Project Facilities Construction: $444,143,000 $525,611,000 | $460,926,000 


Right-of-way and certain other costs are not included in the estimates. 


Conclusions 


This study concludes with the following findings: 


The three evaluated Alternatives are each basically feasible 
All the Alternatives are very costly projects 


The defining track gradient limitation of one percent (compared to the existing grade of 3.12 
percent) is a major influencing factor that drives up the cost for a project of this type 


The Alternative ‘A’ basic scheme is least costly 
The Alternative ‘A’ scheme with a Pocket Track Option is most expensive 


Alternative ‘B’ includes the most important benefits and is only marginally more expensive 
than the lesser-cost Alternative ‘A’ 


This would be a very difficult and risky project to construct 

Property and business disruption impacts would be substantial 

Constriction traffic impacts would be significant, but subject to mitigation 

Local access to regional transit via BART at 30" Street would be greatly improved 


Station ridership potential has been estimated at 3,700 to 5,000 users, but newly-developing 
factors could result in more users, and further study is called for 


Alternative ‘B’ offers superior operational flexibility and means to recover from delay. 
Alternative ‘A’ is not as operationally beneficial as Alternative ‘B’ 


A 30" Street Station may contribute to limited capacity constraints at 24" and 16" Street 
Stations 
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With Alternative ‘A’ train headways would be increased by up to 49 per cent with 
corresponding reduction in line capacity 


With either of the two Alternatives, there will probably be sufficient am peak hour capacity in 
the southbound/westbound direction 


New northbound/eastbound traffic generated at a 30" Street Station would limit the critical 
pm peak hour eastbound Transbay capacity by FY2020 


Operational benefits of a turnback can be provided, but only at extra cost 
Improvements to MUNI transfer and local transit would be minimal 

The 24-Divisadero MUNI line would benefit the most by the station 
Transit choices and handicapped access would be improved 


The potential for neighborhood beneficial improvements might be substantial, but evaluation 
of these are beyond the scope of this study 


The potential for joint development would be important, but evaluation of this is beyond the 
scope of this study 


Next Steps 


Circulation, review and acceptance of this report 

Designation of a sponsoring agency 

Appointment of administrative staff 

Selection of oversight committees for policy and technical direction 
Establishment of ongoing lines of communication to other affected agencies 
Initiation of a community planning effort: 

~ Updating of ridership projections 

— Improvement in definition of the alternative designs 

~ Undertaking of focused technical and property studies 

— Refinement of cost estimates 


~ Encouragement of companion studies for related neighborhood improvements and for 
possible joint development 


— Preparation of fully detailed cost/benefit studies 
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FINAL REPORT 


Bay Area Rapid Transit District 


FEASIBILITY STUDY FOR AN INFILL BART STATION 


In San Francisco, at 30™ & Mission Streets 


1. INTRODUCTION 


This study is intended to assess the feasibility of constructing a new Bay Area Rapid Transit 
(BART) Station on the existing BART Mission Street line between the existing stations at 24™ 
Street and Glen Park. Figure 1 shows the location of the proposed new station. 


The scope of this technical study is limited to the engineering and construction impacts as well as 
operational factors involved in the development of a new ‘infill’ station at 30" Street. The study 
also provides an initial assessment of potential costs and possible benefits of such a station, a 
train operations simulation analysis, as well as a review of passenger ridership/capacity factors. 


The scope of the study does not include the 
potential for transit improvements other than a 
BART station. Nor does it address city or 
urban planning factors which may relate to | © Feasibility, not Preliminary Engineering 


What is this Study? (and what is it not?) 


ee Study does not advocate a station 


such a station, nor an assessment of the = ~—_sit possible? 
potential environmental impacts. ue Define range of alternatives 


; : @ Gather Data and Report Findings 
Specifically, the scope of the present technical = P g 
study includes: © Anticipate Next Steps 
e Investigation of the feasibility of the infill station concept, given track grade and other 
site constraints on the engineering 


e An assessment of construction impacts on the surrounding neighborhood and on the 
existing BART system 


e Review of operational issues including the benefits of construction of an optional pocket 
track at this site 


e An analysis of current and future local transit connections and impacts associated with 
development of a station 


e Review of capacity/ridership issues 


This study has been funded by an earmarked State grant of $400,000. 
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FIGURE 1 
FOR STUDY PURPOSES ONLY 30 & MISSION BART INFILL STATION STUDY 


Background and Need 


The original BART system was completed along the Mission Street Corridor in the late 1960’s. 
Stations were constructed at 16” Street, 24 Street, and at Bosworth and Diamond Streets in 
Glen Park. The original selection of station locations was based upon cost and operational 
factors as well as consideration of neighborhood benefits. Even at the onset of the original 
BART planning, it was fully intended that the BART project have a beneficial impact on the 
Mission Street neighborhoods by promoting their economic development, as well as improved 
transit access. 


More recently, the potential need for additional transit ‘Why This Location? 

access in the area between the existing 24" Street and 

Glen Park Stations has been identified. The distance . - Transit Connections to four 
between the 24" Street and Glen Park Stations is about = ——-- MUNI bus lines and J-Church 
8,500 feet, which is the longest distance between any two BUNT Metro 


adjacent San Francisco BART stations. (This compares, * -Mid-point of large gap on BART 


for example, with spacing of only 2,000 feet between the finein San Francisco 
Montgomery and Embarcadero Stations, which are the 

most closely spaced stations on the BART system). This  e Serves five neighborhoods not 
distance results in pedestrian access from the 30” Street ©... directly served by BART: 
vicinity to the existing stations being less convenient than ——«Bernal' Heights, Outer Noe 


Valley, Fairmount and Outer 
Mission 


elsewhere. Also discouraging easy pedestrian access to 
BART is the hilly topography, especially in the southern 
direction toward Glen Park. 


The confluence of improved local transit connections, possible improved BART operational 
features and the potential for joint development have formed the impetus to conduct this study. 
A new BART station at 30” and Mission Streets would be the first new BART station in San 
Francisco since the completion of the Embarcadero Station in the mid-1970’s. It would also be 
amongst only a few infill stations (together with the proposed West Dublin/Pleasanton Station) 
considered since that time. 


Origins of the Concept 


Director Tom Radulovich of BART had long been interested in the idea of a 30" Street infill 
station. In 1998, his idea prompted a review of ridership potential by the San Francisco County 
Transportation Authority for a new BART station at 30" and Mission, selected for its centrality, 
potential for joint-development, and immediate connections to several major MUNI bus and light 
rail lines. In 2000, Director Radulovich worked with California Assemblywoman Carole 
Migden (D-San Francisco) to secure a State budget grant to study the feasibility of this proposal 
in greater detail. 


In order to submit the funding application together with Assemblywoman Migden, Director 
Radulovich requested that BART staff delineate a schematic plan for the station. This plan 
included a ‘pocket’ track that would enable disabled BART trains to be removed from revenue 
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service and turned back in the opposite direction. The original concept plan also included a 
simple pair of platforms parallel to the tracks, with a mezzanine located directly above them. 
This scenario was only illustrative, however, it formed the basis for the full feasibility review for 
which the funds were appropriated. 


Because future ridership projections need to include consideration of existing and future land use 
conditions, the San Francisco Planning Department has been interested in undertaking an effort 
to review the Mission Corridor for development potential of high-density, mixed use projects. 
While the 30” Street and Mission location was considered for such land uses, the Planning 
Department had lacked the funding and resources to pursue a more intensive look at when and 
how such development might be encouraged. 


Accordingly, in June of 2000, under the leadership of Assemblywoman Carole Migden, as 
Chairperson of the Assembly Appropriations Committee, $400,000 in State budget funds was 
earmarked to study a BART station at 30" and Mission Streets. 


Neighborhood Context 


By reducing the longest station gap in the San Francisco BART line, the new station would serve 
the Mission, Bernal Heights, Upper Noe Valley, Fairmont Heights and Glen Park neighborhoods. 
It would also generate new transit trips. In addition, the station could provide excellent 
connections between BART and several important MUNI routes, including the J-Church, 14- 
Mission, 24-Divisadero, 26-Valencia, 49-Van Ness, and 67-Bernal Heights lines. It could also 
reduce some of the passenger load on MUNI and possibly obviate the need for expanded service 
on some MUNI routes that feed BART. 


The 30" and Mission Street Station could also support the goals of the San Francisco housing 
and economic development programs. The area surrounding the station has many potential sites 
for infill housing including vacant lots and underutilized locations which might be beneficially 
redeveloped with compatible uses. The project would offer a chance to reshape the Mission 
corridor in the vicinity of 30™ Street, now dominated by a gas station, a Walgreen’s, and a 
Safeway. The station could also present an opportunity to develop a comprehensive 
neighborhood plan, incorporate housing, neighborhood economic development, and make other 
traffic, transit, and pedestrian improvements. The station could provide better transit service to 
the Cortland Avenue, Mission Street, and Church Street neighborhood commercial districts. 


The 30" Street Station could also support economic development of the Bayview-Hunters Point 
commercial district and the redevelopment of the Hunters Point Shipyard, by providing the 
regional transit connection for these areas via the San Francisco Municipal Railway (MUNI) 24- 
Divisadero trolley bus line. 


The project has won support from a broad range of neighborhood groups and individuals. San 
Francisco Supervisors Tom Ammiano and Mark Leno have endorsed the idea, as have the Upper 
Noe Neighbors, Bernal Heights Democratic Club, Noe Valley Democratic Club, and the Mission 
Merchants Association. 


a re 
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Community Process 


The study process has been intended as a means to elicit community response and input. Three 
community meetings were co-hosted by BART together with the Bernal Heights Neighborhood 
Center to describe the process for the feasibility study, and to solicit community input. The 
meetings were attended by residents of the Mission, Noe Valley, Bernal Heights and Fairmount 
neighborhoods, local merchants and representatives of City of San Francisco agencies, including 
MUNI, Parking and Traffic and the San Francisco Police Department. The first meeting was 
held in November 2000, in which the project was described and input collected on how BART 
might devise and refine alternatives for review. 


A major aspect of the community process was to establish project goals and objectives. For 
example, amongst important community objectives was that BART service not deteriorate below 
existing levels of access and frequency north of 24" Street and south of Glen Park, as a result of 
the 30" Street Station project. The community also clearly wished a station that was not a 
terminus on a line stub, but rather that direct main-line BART access to both the northbound and 
southbound directions would be available. These objectives were set at both the first and second 
meetings, and were later used to constrain the alternatives. 


The second meeting, which was held in November 2001, (after BART received the State grant 
appropriation) reviewed several possible alternatives for a station configuration. It also was a 
forum for discussion of basic technical requirements. Amongst these were those factors BART 
engineers must consider in order to assess the feasibility of alternatives. At the meeting, BART 
staff presented the two Alternatives (described in detail in a following section) that were 
advanced for more intensive review. This included attention to operational factors and 
identification of impacts on the entire BART system associated with the construction of this 
station. 


A third community meeting was held in April 2002 at which BART staff described construction 
phasing, construction costs and the need to develop community consensus in order to proceed 
with an implementation program. 


The community meetings have also been a forum which participants have utilized to promote the 
project. Dave Monks, President of the Noe Valley Democratic Club and a leading advocate of 
the station, was pleased with progress. Said Mr. Monks, “This funding is a welcome surprise. 
We’re on the transportation radar now, and it will be up to surrounding community groups to 
come together, follow the project, and make sure we turn out at meetings where the big decisions 
get made. It’s great to see creative thinking and community support win the day.” Project 
opponents were also given an early opportunity by this process to make their position known or 


to state their preferences. 


At the third community meeting, there was continued strong support amongst attendees for the 
station concept. However, stated concerns included the need for property takes that would 
reduce the housing supply and about the potential for security problems around such a station. 
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BART Operational Improvements 


The possibility of a major construction project at this 
location along the BART line also affords an 
opportunity to make other physical improvements to 
BART fixed facilities that could be beneficial in 
supporting and improving BART operations. For 
example, construction of a ‘pocket track’ in conjunction 
with the station could provide a turnback for northbound 
and/or southbound trains. A new pocket track for 
storing disabled trains would permit more flexible 


Train turnback potential 


. ‘Enhancement to failure 
_ management / recovery 


-Hiperease ridership 


tential System Benefits: 


Increase in operational flexibility 


operations and quicker recovery from system delays. Thus a a new ’ station, in icon baiOn with a 


new pocket track, could result in operating cost savings. 


Operational factors also need to be considered in context with the soon-to-be-opened south 
extension of BART to San Francisco International Airport (SFO), and the Caltrain transfer 


station in Millbrae. 
Summary of Goals and Objectives 


Primary Objectives: 


e Improve regional transit access and increase regional and local ridership 


e Improve pedestrian access to transit 
e Improve local transit connections to BART 


e Maintain BART line capacity and train frequency 


e Provide convenient local access to all BART destinations 


e Provide impetus for neighborhood housing and economic improvements 


Secondary Objectives: 


e Provide neighborhood amenity 


e Improve BART operations by addition of new track turnbacks 


e Improve surface transportation features 
e Limit construction and operating costs 
e Minimize right-of-way impacts 


e Minimize construction impacts 
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BART Policy on System Expansion 


The ultimate implementation of the 30" and Mission Street Station project would have to meet 
requirements of the new BART Policy on System Expansion. A copy of the “System Expansion 
Criteria and Process” policy is included in Appendix ‘A’. 


The BART Board of Directors first adopted a Policy Framework for System Expansion on 
December 2, 1999, and directed BART staff to undertake its full development. This was to 
include conduct of subregional stakeholder outreach, and completion of a detailed policy for 
Board review and approval to guide the identification, prioritization and phasing of system 
expansion opportunities. The detailed policy was completed and was adopted by the Board on 
December 5, 2002. 


This process has included a systemwide strategic expansion opportunities assessment to address 
proposed Extension Staging Policy projects and other expansion projects that may have 
significant potential. It considered a range of opportunities (i.e. possible project phasing) that 
might include interim service options and be completed through local partnership with the 
communities that would be served. Staff also sought to identify and analyze the issues and 
alternatives the District would need to consider in developing institutional and financial 
arrangements to support system expansion. 


Policy Framework Goals for System Expansion: 


Enhance regional mobility, especially access to jobs 
Generate new ridership on a cost-effective basis 


Demonstrate a commitment to transit-supportive growth and development 


1 

2 

3 

4. Enhance multi-modal access to the BART system 

5. Develop projects in partnership with communities that will be served 
6. Implement and operate technology-appropriate service 

7 


Assure that all projects address the needs of District residents 


Strategies to be Utilized by BART in Pursuing System Expansion: 
1. Partnerships: Seek partnerships with other agencies, local communities and private 
entities to plan and implement service expansion 


2. Transit Service Options: Explore new BART and other transit service technologies (i.¢., 
commuter rail, light rail, quality bus) where appropriate and possibly as interim services. 
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3. Criteria for Project Advancement: For all new expansion projects (new extensions, new 
in-fill stations) develop criteria that will assure that projects are: 


Cost effective, (i.e., minimize the need for operating subsidies) 
Integrated with other services and facilities in an intermodal regional network 


Able to maximize ridership by supporting smart, efficient and desirable growth 
patterns 

Accommodated without adversely affecting existing system capacity, quality and 
financial health 

Adequate for bus, bicycle and pedestrian feeder service 
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2. EXISTING CONDITIONS 


BART Facilities 


The existing BART line in this vicinity, as illustrated in Figure 2, is a twin track tunnel 
approximately 30-40 feet below street level. These tunnels were constructed by boring from 
below, without disruption of the ground surface. The tunnel cross section south of 24" Street 
Station is circular, with the two tunnels separated by about 20 feet, and consisting of 18-foot 
diameter bolted steel tunnel segment rings, with a poured (direct fixation) concrete trackbed. 
North of Glen Park Station the cross section is a bored concrete tunnel of circular cross-section. 
The BART running rails are directly bolted to the concrete tunnel invert without ties or ballast. 


The horizontal alignment in this segment between 24" Street and Glen Park Stations consists of a 
‘broken back’ curve (two curves separated by a straight tangent) with radii of about 1,400 feet 
and 2,700 feet, respectively from north to south. The intermediate tangent between the two 
curves through the proposed new station site is about 2,500 feet long. The design speed of the 
curves is similar to that of most of the BART system main line, about 80 mph. 


The vertical alignment in the segment includes a short sag curve just south of the 24" Street 
Station, leading to sustained grades of 3.12 per cent and then 0.67 per cent up to Glen Park 
Station. The net difference in elevation between track levels at 24 Street and Glen Park 
Stations is about 110 feet. The proposed new station site is located along the segment of the 3.12 
per cent grade. 


There are vertical vent shafts connecting the BART tunnels with the surface in the vicinity of 
Valencia Street and San Jose Avenue. 


Existing BART Operations 
Four of the five BART lines (all the lines except the Richmond-Fremont Line) pass through the 
station site, and thus all BART destinations can be reached from this location without transfer. 


(Except Saturday evenings and Sundays, when only two lines operate.) 


BART Line Headways (minutes) 


Fremont Dublin/Pleasanton All 
15 15 3.5 
15 + 15 4 
* 20 10 
20. | 20 5 
xe | 20 10 
-- L 20 10 
Sunday Evening -- 20 -- 20 10 


*No service after 7:30 pm 
**No service after 7:00 pm 
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BART EXISTING CONDITIONS 


FIGURE 2 
FOR STUDY PURPOSES ONLY 30" & MISSION BART INFILL STATION STUDY 


Highest train speed is about 70 mph between the existing 24" Street and Glen Park Stations. The 
trains are programmed for SO mph speeds south of 24” Street Station, with the 70 mph speed 
north of Glen Park Station. Train headways (time intervals between trains) are approximately as 
indicated in the table above. 


All trains that operate through the proposed site must also transit the Transbay Tube, which is the 
main capacity restraint in the BART system. Minimum train headway along this line is presently 
2.5 minutes (24 trains per hour). However, BART is committed to a program of train control 
system improvements including conversion to an Advanced Automatic Train Control (AATC) 
system which will result in reduction of the minimum headway. Train control features are more 
fully addressed in the Section on Operations. 


Maximum train length is 10 cars, or about 700 feet. 
Existing BART ridership through this segment is about 130,000 passengers on each weekday. 
Existing Surface Street and Right-of-Way Conditions 


The proposed station site occupies a segment of Mission Street right-of-way which extends from 
30" Street/Eugenia Street on the south past Godeus and Virginia Streets north to 29" Street. 


Mission Street is a main arterial street about 58 feet wide, curb to curb. As shown in Figure 3, it 
accommodates four through-traffic lanes as well as parallel curb parking on both the east and 
west sides. There are no turning lanes north of San Jose Avenue. Traffic signals exist at 29" 
Street, Virginia Street and 30" Street. 


Lane widths are generally less than the 12-foot national standards, from 10 to 11 feet in width. 
Sidewalk widths on each side of the street range from about 10 to 12 feet. At bus stops, the 
sidewalks are widened into ‘bulbs’ with buses stopping in the right lane to load. A layout plan of 
the traffic lane configuration is included in Appendix ‘B’. 


The distance between building lines is about 78 feet, this also being the width of the City street 
and sidewalk right-of-way. Buildings are from two to four stories high, mostly pre-World War I] 
construction of commercial and residential use. However, there is one large modern four-story 
apartment building with street level commercial (BigLots store) on the east side of Mission 
Street, north of Virginia Street. A large Safeway parking lot occupies the west side of Mission 
Street just south of Virginia. 


Existing MUNI Transit Service 


The San Francisco Municipal Railway (MUNI) operates the following routes, as shown in 
diagram of Figure 4-A, through the proposed station vicinity: 
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MISSION LOOKING NORTH FROM KINGSTON 


FIGURE 3 
30” & MISSION INFILL STATION STUDY 
FOR STUDY PURPOSES ONLY John T. Warren & Associates, Inc. 


FIG-3.doc 


Route No. Type of Vehicle Service Orientation Peak Hour Headway 
14-Mission* Electric Trolley Bus | Downtown 5 minutes 
14L-Mission* Diesel Bus Downtown Limited 9 minutes 


24-Divisadero Crosstown 15 minutes 
26-Valencia 
49-Van Ness* Electric Trolley Bus 

67-Bernal Heights* | Diesel Bus 


bee eens | 
J- Church * Light Rail Transit 


Electric Trolley Bus 
Diesel Bus 


Downtown 15 minutes 


Crosstown 7 minutes 


Local Shuttle 20 minutes 
we 


Downtown 6 minutes 


* Presently connects directly to a BART station. 


Daily boardings of selected MUNI lines were tabulated in 1998 for the boardings in the 
immediate area of the proposed new 30" Street Station, for the following routes: 


e J-Church: 2,500 passengers 
e 14-Mission: 2,300 

e 24-Divisadero: 1,500 — 2,000 

e 67-Bernal Heights: 2,500 


TOTAL: 9,000 passengers (approximate) 


Of special note is the 14-Mission trolley bus, which provides local transit service generally 
above and parallel to the BART line along the entire Mission Street Corridor. The 26-Valencia 
also is a downtown route that generally parallels BART only one block to the west on Valencia 
Street. The nearby J-Church light rail line on San Jose Avenue and Church Street is an 
alternative downtown rail transit route, running very generally parallel to BART and entering the 
Market Street subway. The other bus lines are either crosstown or local routes. The 24- 
Divisadero trolley bus is a very important crosstown route. It extends from the Marina District 
in the north through the Castro District all the way to the Bayview District to the southeast. The 
49-Van Ness trolley bus extends north to the Fort Mason area and south to City College. 


The MUNI trolley bus wire layout along Mission Street is illustrated in Figure 4-B. The 14- 
Mission wire tracks run along the entire Mission Street segment. The 24-Divisadero wires 
enter/leave the Mission Street wires at the 30" Street intersection and leave/enter the Mission 
Street tracks at the Cortland Street intersection. Thus there are two major wire junctions, each 
consisting of two turnouts and a diamond crossing at these two intersections. In addition, there is 
a trolley bus turnback loop for the 14-Mission which diverges from the Mission Street wires 
southbound and traverses San Jose Avenue, to reenter Mission Street northbound via a left turn 
from Brook Street. The latter includes one turnout and one diamond crossing. 
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EXISTING MUNI TROLLEY BUS WIRES 


FIGURE 4-B 
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Existing Surface Traffic 


The City of San Francisco Department of Parking and Traffic has conducted the “Bernal Heights 
Traffic Calming Study” from which excerpts with traffic and accident data are included in 
Appendix ‘B’. In summary, the total daily traffic volumes on Mission in the segment south of 
Cesar Chavez Street is 10,668 vehicles (counted on Monday, February 26, 2001). Traffic design 
is based on peak hour volumes: 


e Morning Peak Hour Volume: 987 vehicles, Northbound 
e Evening Peak Hour Volume: 702 vehicles, Northbound 


The theoretical capacity of a free-flowing (freeway) traffic lane is 2,000 vehicles per hour. For a 
signalized urban arterial street, this is reduced to about 1,500 vehicles per hour through each 
point of conflict between crossing lanes at an intersection. This impact is, however, highly 
subject to modification due to signal timing and the allocation of signal “green time’ to the 
conflicting flows. Lane capacity can also be reduced by substandard width, adjacent parking, 
left-turns, driveways, pedestrians and heavy vehicles in the traffic flow. 


Therefore the actual traffic capacity of the Mission Street lanes is reduced according to these 
factors. Also, the City of San Francisco has a deliberate policy to promote the movement of 
buses on transit-oriented streets. On Mission, bus stop sidewalks ‘bulbs’ have been constructed 
to facilitate bus loading, but this requires the buses to block the right traffic lane. The advantage 
to the buses is that unlike but ‘duck-outs’ which are more common in other cities, the sidewalk 
bulbs do not require that buses leave the traffic lane or wait to remerge into the traffic flow. This 
design policy is to the clear benefit of transit, but at the expense of the traffic capacity of the 
right lane. 


The City Department of Traffic study states that excessive traffic volumes in residential areas are 
associated with queuing, aggressive driving and cut-through traffic. During the outreach efforts 
of the study, the community had expressed concerns about traffic levels on several streets within 
the study area. However, the results of the traffic survey actually demonstrated that volumes are 
comparatively light. 


The study also showed that Mission Street had a relatively large number of pedestrian accidents, 
with the Cortland Avenue intersection having the highest rate. This accident trend illustrates that 
the highest numbers of accidents generally occur at locations with relatively higher traffic 
volumes together with significant pedestrian movements. 


mY 
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Existing Utilities 


Utilities consist of the following types: 
Overhead Utilities: 

e MUNI electric trolley bus traction power overhead wire system 
Underground Utilities: 


e Combined drainage and sanitary sewer lines 

e City water lines 

e PG&E electric power lines 

e Telephone and TV cable conduits 

e PG&E gas lines 

e City traffic signal and street light electric conduits 

e MUNI electric trolley bus traction power feed cables 
The MUNI trolley bus overhead system consists of a pair of trolley contract wires (two wires per 
‘track’) in each direction, charged with 600 volts DC. These are supported at about 100-foot 
intervals by cross span wires which are in turn attached to street lighting poles (‘joint’ poles) 


along the sides of the street. This is a simple ‘fixed termination’ type trolley system without 
counterweights or complex tensioning devices. 


Additional information on existing utilities is included in Appendix *C’. 


For the purposes of this study, utility relocation issues are relatively minor and will not be a 
deciding factor in evaluation of alternatives. They are also a comparatively minor cost factor. 


Soil Conditions 


The existing underground soil conditions in the vicinity of the proposed project are very well 
documented due to the original BART tunneling. The more alluvial soils tend toward the north 
of the segment along Mission, with rock encountered in the south near Glen Park Station. 
Appendix ‘D’ includes sample soils information. 
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3. APPLICABLE PROJECT GUIDELINES & DESIGN CRITERIA 


As most transportation agencies, BART has codified its most important engineering standards 
for design of its facilities. These formal criteria include those that establish dimensions and 
numerical indices for its physical plant. In addition, there are operational factors that limit how a 
particular facility may be configured, so as to adequately serve its intended function. The BART 
staff had developed an original station criteria list, which is included in Appendix ‘E’. The most 
important of these as they relate to a possible 30" Street Station are described below: 


BART Design Configuration Criteria 


Design Speed: This is the highest train speed that the trackway and facilities must 
accommodate. The present design speed for this segment is set by the radii and 
superelevation of the existing nearby horizontal curves, and is 80 mph. It would be 
preferred to design the new station and its track approaches so that this speed not be 
diminished. However, since trains stopping at the new station would have to slow down, 
a lower train speed might be acceptable approaching the station from either direction. 
Such a lower speed has been provisionally set at about 36 mph for the track approaches 
near the station platforms. 


Track Gradient: The desirable gradient along station platforms is zero (flat grade), and 
most existing BART stations are so configured. The maximum gradient for the track at 
platforms is 1.0 per cent. This gradient at stations is limited by major hardware and 
software constraints built into the BART vehicle and control systems. This is a very 
important criterion, and it is a defining standard for this project. (However, even if 
the 1.0 per cent criteria could be relaxed, the platform gradient limit of 1.5 per cent would 
then govern the track as well, as described below.) For other track segments on the most 
demanding grades approaching the new station, a 4.5 per cent maximum grade limitation 
is proposed for short distances. 


Platform Gradient: This is limited by the Americans with Disabilities Act (ADA). The 
ADA criteria require that the platform be nominally level. ADA defines level as a 
maximum gradient of 1:50 (2.0 per cent) on a constant plane in any direction. However, 
to allow for platform drainage, the platform should also have a cross-slope and 1.5 per 
cent is the standard used. The resulting maximum allowable combined 
longitudinal/traverse slope is then 1.322 per cent. The 1.5 per cent platform cross slope is 
also a BART standard. Also, all vertical circulation elements (i.e. stairways, elevators, 
and escalators) need to be founded on a platform with a gradient which does not exceed 
1.5 per cent. Therefore, taken together with the track grade criteria, a maximum 
longitudinal grade of 1.5 per cent is confirmed for the station platforms. 


Platform Length: Shall be adequate for a ten-car train, about 700 feet. 


Vertical Curvature of Tracks: The BART Standards do not permit vertical curvature 
(changes in grade) along station platforms. However, again for the purposes of this 
study, and due to the constraints of the site, a relaxation of the standards is suggested, 
subject to further study. Thus for any alternative with vertical curves at platforms which 
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are not on the main line tracks (‘off-line’ platforms), these may encroach into platform 
areas beyond a central ‘touch down zone’ reserved for the vertical circulation elements. 
This enroachment zone should not exceed 150 feet from the ends of the platforms. 


Track Turnouts (switches): Turnouts to off-line station platforms and/or pocket tracks 
shall be #15 right hand and left hand, and #10 equilateral. This corresponds to a design 


speed of 36 MPH. 


Exceptions and Deviations from Design Criteria 


The above are the most important numerical design criteria. In those cases as described above, 
the suggested project criteria are somewhat less conservative than the regular BART standards 
presently allow. The reason for this is that the constraints of the site are severe, and if the BART 
criteria were strictly enforced, either no alternative would be feasible or a compliant design 


would be extremely costly. 


In such cases, the BART engineering department, as is 
the case with most other engineering agencies, may 
allow a digression from a particular established 
standard, subject to certain conditions. These would 
include limiting the magnitude of the digression and 
also assuring that the digression does not introduce a 
safety or operational or other functional problem. 
Obtaining such an exception to the rules would require 
a detailed engineering review, which is outside the 
scope of the present study. Therefore the results of this 
study, where they are based on use of some non- 
standard features, need to be considered provisional 
only, subject to further review, verification and 
approval. 


Other BART Functional Criteria 


Engineering Challenges: 


Existing track grade is greater 


_ than three per cent 


No decrease in system service | 


levels permitted 


Provide both northbound and 


Maintenance of service 
throughout construction 


“southbound service access 


~ Minimization of disruption to 
existing communities 


The following criteria relate to providing for certain needed functions of the proposed new 
facility: The first two criteria are obligatory, while the following criteria are either desirable or 


optional. 


Obligatory - ADA Compliance: Handicapped and elderly are to be provided convenient 
access to all public areas. All BART stations must meet the various published building 
codes, including adherence to ADA requirements for handicapped access. 


Obligatory — Provide Station Mezzanine: BART requires that passenger access to the 
track platform level be via a mezzanine/concourse level for fare collection and related 
functions. 
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¢ Obligatory/Desirable — Maintain Line Capacity: The new station should not significantly 
degrade the capacity of the BART line. This criterion should be considered Obligatory 


for at least one design alternative. 


e Desirable — Construction Impacts: The construction of the new facility should not unduly 
hinder BART train operations during the course of the work. Although at least some 
disruption of service at limited times is unavoidable, various alternatives may have 
differing impacts on maintenance of train service. 


e Desirable — Provide _Mainline 
Bypass Track: With a bypass 
track, some trains may not have to 
stop at the station. Accordingly, 
these trains would have a shorter 
travel time and provide better 
service to those passengers who do 
not need to use the new station. 
However, this introduces potential ££. 7" aeanare ca aR aoa 
operational problems and increases < : 
the wait time for those passengers 
that do wish to use the station OFF-LINE STATION 
This issue introduces the concept of 
‘off-line’ vs. ‘on-line’ platforms 
and is addressed further under each 
of the specific alternatives. 


ON-LINE STANTON 


a 


¢ Optional — Revenue Train Turnback: The opportunity afforded by construction of a 
station along the BART line provides the option of improving other BART functions as 
part of the project. A train turnback capability can be considered to permit reversal of 
revenue trains (trains carrying passengers), either to/from the north or south. This would 
permit easier adjustment of line capacity in different segments of the line, and could 
allow for improved overall passenger service. However, the additional cost of such an 
adjunct should be considered separately from the basic station cost because its 
incremental extra cost needs to be separately justified by its specific benefits. 


Any station with turnback function also would need to include train crew facilities, which 
are obligatory at such ‘terminal zones’. These are breakroom facilities, restrooms, lunch 
area and the like. 


e Optional — Disabled Train Storage: A pocket track might be added for side-tracking of 
malfunctioning trains. This is also an extra cost item. 


Non-BART Standards 


These would apply to surface street and utility reconstruction made necessary by excavation for 
the new station. 


a 
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Surface street standards would be those by the City of San Francisco Department of Public 
Works, as for lane widths, sidewalk and bike lanes, traffic signal, street lighting, sewer facilities 
and the like. 


San Francisco MUNI standards would apply to reconstruction of the trolley bus overhead system 
and for bus stops. Other utility standards would be as required by the utility companies such as 
PG&E. 


Where major street reconstruction is required, consideration might be give to reconstruction to 
higher, more modern standards. Such ‘betterments’ as widened traffic lanes, improved bus 
loading features, turn pockets, new bike lanes and landscaping might be considered if additional 
right-of-way becomes available. The requirements for these are outside the scope of the present 
study. 


BART 36" Street Station Final Report May 2003 
L:projects/280004 Page 16 of 67 


4. ALTERNATIVE DEVELOPMENT 


Basic Design Approach 


In order to comply with site constraints as well as applicable design criteria and operational 
standards, all potentially feasible alternatives need to be developed with a common philosophy 
and approach, and must have certain basic features in common. These include: 


1. Basic Station Configuration: All alternatives involve underground subway stations. While 
other types of stations such as open cut types, might be theoretically possible, the limited 
surface area, track grade requirements and potential environmental impacts dictate that only a 
subway station is considered feasible. The new station also must provide separate platform 
and mezzanine levels. Due to the depth of the tracks, the mezzanine level would be above 
the track level and below the surface street level. 


Station platform length must be adequate for a 10-car train, about 700 feet, but the mezzanine 
level may be considerably shorter. The size of the mezzanine level would be subject to later 
detailed study but must be large enough to accommodate elevator/escalator access to/from 
the track level below and the street level above. It must provide sufficient space for the 
various mezzanine functions such as fare collection, attendant booth, BART systems 
enclosures, and security features. In general, a minimum size mezzanine would be least 
costly and most secure, while a larger mezzanine would provide more opportunity for street 
entrances and easier pedestrian access from different directions. Another factor which 
influences mezzanine length, is the requirement for this infill station to be constructed on no 
more than a 1.0 per cent grade. Despite this, the mezzanine level should be flat. This fact 
imposes another length constraint on the mezzanine. 


Escalator, elevator and stair access from the street level down to the mezzanine are subject to 
considerable flexibility as to location. These need not always be located directly above the 
mezzanine or the main station box structure. Alternatively, they may be oriented in various 
directions, east-west for example, if such might yield more patron-friendly entry points. 
Sometimes the pedestrian entrances can be constructed more distant from the station box by 
excavating subsurface pedestrian corridors to more convenient entry locations. However, 
each corridor like this would add cost and construction disruption, and might be regarded as a 
potential security problem when complete. 


2. Station Grade: The requirement to revise the track grade at the platforms from the 
existing 3.1 percent to a flatter 1.0 per cent obligates the design to include extensive 
reconstruction, including long approach tunnels, to provide the needed transition. This 
involves a profile with several new vertical curves, and results in a construction segment 
considerably longer and more costly than would have been the case if the grade-reduction 
problem did not exist. 


3. ‘Off-Line’ Construction: Because BART train service must be maintained during 
construction, and also because the new tracks must be constructed on a different profile grade 
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than the existing, the new tracks and platforms and the tunnels that contain them must be 
constructed separate from, and away from the existing tunnels. 


. Merge of New Work into the Existing Tunnels: At the extreme ends of the new tunnels and 


trackage these have to be connected into the existing tunnels and tracks. When complete, the 
new work must be switched over to or ‘cut-in’ at the limits of the new construction. There 
are two such locations along each track direction, totaling four ‘cut-in’ merge points. Each 
of these would resemble a branch in the tunnel configuration. 


This aspect of the project is 

highly problematic as it 

involves potential interruption 

of train traffic while the work 

proceeds. The underground — 

location of all the construction “CUT-IN” 
also entails extreme difficulty 
because work area is limited 
and access is very awkward. 
Much of the construction work = 
at the dour méree: locations SS er er eee 
would be in close proximity to By 

the operating tracks and could — EXISTING 

only be safely performed while _ 

BART service is suspended. 

Thus regular BART service 

would have to be cut back . MERGE POINT 

during evening and weekend 
periods with resort to single- ome eT 25S CT 
track operations, possibly sigmenied with extra bie service. (See following Sections on 
Construction Impacts and on Operations. ) 


Operational Considerations: The introduction of a new additional station on the line would 
result in an increase of travel times for all trains that stop at the station. The implications of 
this are that travel time for system users would be increased, and that the number of trains 
(i.e. the amount of rolling stock) might be subject to an increase in order to support the 
existing service. These issues are addressed more fully in the following Sections of this 
report on operations and capacity. 


Due to the ‘off-line’ nature of the construction, as described above, there is an option to 
retain the existing tunnel in service for a bypass or ‘express’ track so that some trains could 
travel past the station without net increase in their travel time. However, this would reduce 
utility of the new station, as the wait for a train would be longer than at other stations. 


Other operational options involve the possibility of a turnback of some trains. This would 
require a more complex track and tunnel configuration. The potential benefit would be to 


eee ee 
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facilitate adjustments in line capacity and service in various segments of the BART system. 
This feature does not now exist along this line segment, and it may become more important 
with extension of the BART system to the south. The improved ability to turn back trains 
could reduce the schedule demand on the very costly BART fleet of rolling stock. 


For example, certain trains arriving from downtown might be turned back at 30" Street 
Station if it is determined that train capacity is underutilized to the south. Or alternatively, 
trains from the south might be turned back at 30" Street toward Millbrae/SFO if it is 
determined that the line toward the Eastbay cannot accommodate them all. The presence of a 
turnback can also facilitate the use of shorter trains on more frequent headways if this is 
deemed beneficial for certain segments. (The addition of new crossover tracks elsewhere on 
the BART system is currently under consideration because of these same operational 


benefits.) 


A turnback and tail track could also be used to remove disabled trains from service and so reduce 


service interruptions. 


Alternatives Considered 


Following a 1998 ‘Sketch Study’ by BART, a total of seven alternatives were later developed 
and considered. Initially, the present study had included the following six: 


NSN OA BP WH NHN ke 


. Double Pocket Turnback Station 


. Double Pocket Turnback Station with Crossovers 

. Single Pocket Turnback Station with Crossovers 

. Single Pocket Station with Stub-end Storage Track and Crossover 

. Two-way Single Center Pocket Turnback Station with Third Level Platform 
. Stacked Back-to-back Center Pocket Turnback Station 


In addition, an on-line alternative using the existing ............ 


tunnels and tracks was also previously suggested. It 
was illustrated in a brief May 1988 submittal 


prepared by BART staff and Bay Area Transit =. 
Consultants (BATC), and is illustrated in Appendix — 


‘F’. This concept is now considered infeasible 


because of the need to revise the track gradient and ~ 


for other reasons described above. 


At an October 2001 meeting, BART staff reviewed 
progress on the above six alternatives and concluded 
that the first and sixth alternatives merited further 
study and refinement. The other four alternatives 


are considered to have little overall merit and  geememmemes 
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History and Selection of Alternatives 


" 1998 Sketch Study by BART 


Established minimum design criteria 


Developed approximately ten 
alternatives 


: Initial alternative screening 


~ Identified engineering & operational 
~ challenges 


May 2003 


include some features that are very unattractive, especially from the operational standpoint, thus 
constituting ‘fatal flaws’. Therefore these alternatives have been dropped from further analysis, 
but are described in Appendix ‘G’ as “Other Alternatives Considered”. 


The two most promising alternatives were chosen by BART staff so as to best represent two 
fundamental objectives. The sixth alternative entails a basically feasible lowest cost station 
option. It has been redesignated, Alternative ‘A’ — On-Line Station with Optional Turnback 
and is further described below. Certain modifications to the initial rendition of this alternative 
have been made in order to further reduce its cost. For example, the turnback function has been 
removed from the basic scheme, although the turnback may still be considered as an extra cost 
option. 


The first original alternative involves a higher-cost station configuration that is considered fully 
adequate to support optimum operations of the BART system. The operations benchmark used 
for the basis of this design is that level of service anticipated as a result of all current BART 
systemwide programs of improvement. This scheme has been redesignated Alternative ‘B’ — 
Off-Line Station with Full Turnback, and is further described below. Again, certain 
modifications to the original rendition of this alternative have been made, in this case also to 
reduce its cost. 


Alternative ‘A’ Description: On-Line Station with Optional Turnback (Low Cost Alternative) 


This concept, as shown in Figure 5, involves construction of the new northbound and southbound 
station platforms and tracks on the outside flanks of the existing BART tunnels. The positions of 
the new tunnels are defined by the closest distance to the existing tunnels that would facilitate 
safe construction. The new station is planned on a 1.0 per cent grade and thus new approach 
tunnels are required to conform back to the existing tunnels on both the north and south ends. 
The profile as shown dictates that the approach tunnels to/from the south be considerably longer, 
at about 2,500 feet, than those to/from the north. The approach tunnel grade of 3.12 per cent was 
selected to duplicate the existing grade of the BART line at this location. 


The intent of this scheme is to completely replace the existing tunnels at this location, and the 
existing tunnel segments at the platform location would be demolished and removed. Other 
abandoned segments of the existing tunnels would be left in place and might be used to 
accommodate BART systems facilities or utilities or storage. 


In this scheme, the two BART tracks would be relocated to the new station and tunnels and there 
would be no other tracks provided. Accordingly, the merge locations into the exiting tunnels 
would need to accommodate track geometry adequate for the highest speed train anticipated to 
travel through these locations. This design speed would need to provide for any trains that might 
not actually stop at the station including out-of-service trains or any skip-stop trains anticipated 
in future operating plans. For this reason, geometry of the tunnel merges would be longer for the 
track curvature needed for this scheme. 
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The station platform anticipated by this scheme is very generous in width because it must extend 
across the area previously occupied by the pre-existing tunnels. Nevertheless, the overall station 
footprint is conservative with respect to right-of-way width. The mezzanine/pedestrian 
concourse length is shown as a minimum length (much shorter than that at the adjacent 24" 
Street Station) option in order to save cost and minimize construction impact. 


The center platform would have the configuration of an “H’ with the central area beneath the 
mezzanine, about 300 feet long and extending fully across between the two tracks. The balance 
of the 700-foot long platforms would be in the form of single platforms (the ‘legs’ of the ‘H’) 
along each track with each extending about 200 feet outward in both directions from the central 
area. This configuration would permit the four narrower segments of the platforms to be 
constructed within mined tunnels, so that the size of the cut-and-cover excavation pit could be 
minimized. The potential to retain existing buildings undisturbed on the surface could thus be 
improved. (See following Section on Right-of-Way Issues.) 


The basic scheme requires no track turnouts or junctions, however, there is an additional option 
to provide a turnback pocket track (illustrated in dashed lines) to the south of the new station in 
the space between the two new main line tunnels. This would entail the provision of three track 
turnouts in the shape of a ‘wishbone’ as shown. The purpose of the turnback would be to permit 
reversal of some revenue trains from the north and/or as a location to remove disabled trains 
from the main line. The turnback tunnel, as illustrated, is preferred to be on a flat grade. It 
should be about 1,500 feet long, to accommodate two full 10-car trains. 


Due to the additional cost of the turnback track, its benefits need to be balanced against its costs 
as if it was a separate project. 


Station Function - Alternative ‘A’ 


Train movements through the station would be similar to those at other existing BART stations. 
These consist of deceleration of the train into the station, station dwell, and acceleration out of 
the station in the same direction. The optional turnback track could be used in one of two basic 
ways: 


1. If used for revenue train turnback, a southbound train would enter the station from the north 
and stop to discharge all passengers. It would then proceed onto the turnback track and stop 
there. The train operator would then move to the opposite end of train (‘change ends’) and 
prepare for departure. Departure of the train to the north would be only at a time when 
BART Central Control had identified an adequate schedule ‘gap’ between the northbound 
trains approaching from the south, so as to accommodate safe entry of the turnback train onto 
the main line. The train so accommodated would proceed into the station and stop to board 
passengers for subsequent departure to the north. The turnback track as illustrated has no 
direct connection to the south and thus could not accommodate revenue train turnback from 
that direction. 
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2. The second type of usage would be to store a disabled train. For a disabled train arriving 
from the north, entry into the pocket track would be similar to a revenue service train from 
that direction. But a disabled train arriving from the south would have to stop at the station 
and then proceed into the pocket track by means of a reverse maneuver. This would entail 
changing ends at the platform and would require more time, while blocking the main line. 
The disadvantage of this needs to be balanced against the probability that such a maneuver 
would be very common. A further unillustrated option would be to add additional track 
access from the south. This would add greatly to cost and require a revision away from the 
preferred flat grade for the turnback. 


Simplest track configuration and train operations 

All trains would stop at the new station 

A narrower mezzanine is needed than for Alternative ‘B’, thus minimizing property impacts 
The single, wide center station platform is a passenger amenity 


The scheme does not include crossover tracks, which would be disruptive to train service to 
construct 


An optional turnback track is possible at extra cost 


The basic scheme has marginally lower construction cost than Alternative ‘B’ 


Alternative ‘A’ Disadvantages 


The new station stop would reduce BART main line capacity 

New track curves may impose additional train speed restrictions 

Less operational flexibility than Alternative ‘B’ which permits train bypass of the station 
The optional turnback track is costly and is not easily accessible from the south 


The station platform level would need to be constructed in two stages (see section on 
Construction Impacts) 


BART 30" Street Station Final Report May 2003 
Lprojects/280004 Page 22 of 67 


Alternative ‘B’ Description - Off-Line Station with Full Turnback (Optimum BART Operations) 


This scheme, shown in Figure 6, provides for new station platforms and tracks in addition to 
retaining the existing tracks and tunnels as a main line bypass. This alternative also provides an 
operational option for turnback capability and/or disabled storage train. 


Similar to Alternative ‘A’, Alternative ‘B’ also involves the construction of two new station 
platforms and tunnels to the outside flanks of the existing tunnels. Also similar to Alternative 
‘A’ a new flattened track grade of 1.0 per cent is provided, and approach tunnels are needed in a 
similar configuration. Unlike Alternative ‘A’, this alternative utilizes turnouts at all the merge 
locations so that trains approaching the station may either proceed to a stop at the platforms or 
bypass the station using the pre-existing tunnels and tracks. 


Because only those trains stopping at the station would need to diverge (at about 36 mph) from 
the higher speed alignment, it is possible that the merge locations might be constructed in a more 
limited space. This could save construction time and reduce interference with train operations 
during ‘cut-in’. However, these merge junctions would need to accommodate more complex 
trackwork and signaling features related to the turnouts. 


Station Function - Alternative ‘B’ 


This scheme could accommodate express trains that would bypass the station. This type of 
operation would improve speed and runtime of some trains and thus support higher line capacity. 
On the other hand, if there were too many express trains, service to the new station would be 
diminished. Furthermore, this limited project would not be sufficient to result in substantial 
development of express train service because the bypass track would not extend beyond this 
single station. 


For trains stopping at the station, operations would entail the usual deceleration and stop, either 
northbound or southbound. But departure from the station would be more complex if the main 
line bypass track was being used. In that case, the stopped train would have to await a ‘gap’ in 
the schedules of the bypass trains, and that might result in an elongated dwell time and increased 
delay for passengers on the stopped trains that serve the station. (See following Section on 
Operations). 


The scheme includes a main line double crossover track just north of the station. This occupies 
more space than does Alternative ‘A’. The location of the crossover is such that the existing vent 
shaft to the immediate north should remain undisturbed. The double crossover could serve as a 
revenue turnback for Transbay trains to/from the north but not to/from the south. However, the 
use of the center tracks for either turnback or storage conflicts with their possible function as 
bypass tracks. These different functions cannot occur at the same time, although the tracks could 
serve different functions at different time periods. 
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Alternative ‘B’ Advantages 


Provides bypass tunnels facilitating express train operations 

Compared to Alternative ‘A’, minimizes capacity reduction in BART system 
No new restrictions on express train speed 

More flexibility in turnback operations (to/from north and south) 


The station platform construction could be completed in one stage (see section on Construction.) 


Alternative “B” Disadvantages 


Greater operational complexity 
Potential for delay of trains reentering main line from the platform tracks 
All trains may not provide service to the station 


Express train turnback operations and disabled train storage are mutually exclusive uses of the 
second pair of tracks 


The turnback capability is available only to/from the north 


More complex trackwork, especially the crossovers, may increase service interruptions during 
construction 


Slightly more right-of-way needed than for the basic Alternative ‘A’ 


Separate narrow platforms are less attractive for passenger use than a center platform, and need 
additional escalators and elevators resulting in higher operating costs 


The separate platforms might also be more confusing to use for passengers boarding or 
transferring to/from turnback trains. This is because the transfer might entail level changes via 
the mezzanine which would be needed to get from one platform to the other 


Slightly higher construction cost than Alternative ‘A’ 


BART 30" Street Station Final Report May 2003 
L:projects/280004 Page 24 of 67 


‘Things to Consider’ for BART Operations 


The following table is derived from the listing of BART staff concerns circulated during the 
initial study discussion phase. It is a list of things to consider when analyzing the advantages and. 


disadvantages of the 30” Street infill station: 
Alt ‘A’ 
‘THINGS TO CONSIDER’ w/Pocket i 
Track Ane 
SERVICE 
Ne Mini: Maxi 

— Will the station provide staging for events and special service, pocket ° sais oe 
tracks, additional thru tracks, etc? 

— Will the station impact existing service? (Increase in runtime may Yes Yes Sometimes* 
require additional consists and slow travel times) 

- Will the station impact proposed AATC service increases? Yes Yes Sometimes * 

— Will the station enhance service optimization? (Can it be used as a No Yes Sometimes * 
turnback station for one or more lines thereby saving cars?) 

DELAY MANAGEMENT 

~— Will the station allow for truncation of service or act as turnback No Yes Yes 
station? 

— Will the station provide for bad order storage? No Yes Sometimes * 

— Can ‘swapping’ of trains be improved to maintain schedule? (trains No Yes Sometimes* 
timed to turnback in correct scheduled slot) 

~ Will the location of the station improve chances for single tracking No No Yes 
during 12, 15, or 20-minute service? 

SERVICE DESIGN IMPACT 

~ Will runtimes and dwelis change the sequencing of service or layover No No Yes 
times? 

— Will headways limit storage? N/A No Sometimes* 

— Will headway limit turnbacks and sequencing? N/A Yes Sometimes* 

CONSTRUCTION IMPACT 

— Will construction have impact on mainline operations? Yes Yes Yes 

— Will cut-over be minimally invasive with little impact on mainline Less Less More 
operations? (one or two weekends for cut-over) 

— Will road manual operation, restricted speeds, single-tracking be used Less Less More 
minimally? 

~ Will a bus-bridge be feasible, available, affordable? No No No 

1 __ 


* ‘Sometimes’ indicates that the operational impacts will depend on exactly how the two additional tracks 
are utilized. The use of the center tracks for either turnback or storage conflicts with their possible 
Junction as bypass tracks. These different functions cannot occur at the same time, although the tracks 
could serve different functions at different time periods. 
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5. RIGHT-OF-WAY ISSUES 


As described earlier, in order to maintain BART train service during construction, and also 
because the new tracks must be constructed on a different profile grade than the existing, the new 
tracks and platforms and the tunnels that contain them must be constructed separate from, and 
away from the existing tunnels. The magnitude of the lateral (sideways) shift must be sufficient 
to provide protection of the existing tunnels from potential construction damage caused by the 
work. A separation of one tunnel-diameter is considered desirable to assure this. Special 
construction techniques as described later can be utilized to minimize, but not eliminate the 
tunnel space requirements, right-of-way takes, and surface property impacts. 


The station itself, consisting of the mezzanine and most of the platform area, is too large to be 
tunneled or excavated out exclusively from below. Instead, open pit excavations would be 
needed for most of the station box construction. These pit areas, which would be temporarily 
decked over, also provide ingress for construction equipment and materials and egress for 
removal of excavated earth material. This method is almost universal for subway construction 
and was used for all the other BART subway stations. (Stations completely constructed in mined 
tunnels do exist, but they are relatively rare. They are very difficult and costly to construct 
except where very favorable rock conditions exist, and are used only due to extreme depth or 
other special conditions.) However, this study does consider construction of a portion of the 
station by tunneling, in order to minimize the size of the open excavation pits. 


Right-of-Way 


As illustrated, the ‘footprint’ of the station and its 
tunnel approaches extend beyond the right-of-way 
lines on both the east and west sides of Mission 
Street. Because much of the property frontage on 
the west side of the street is occupied by a Safeway 
parking lot, the station layout should favor right-of- 
way takes along the west side. The Safeway lot 
could then be rebuilt after project completion. 
However, some buildings on both the east and west 
sides would be demolished. 


L and Use Considerations: 


e BART promotes station planning 
where higher number of riders will 
_ Justify investment 


© BART recognizes that its San 
_ Francisco stations are amongst the | 
highest generators of its ridership | 


- A Transit Oriented Development 

_ program would boost ridership and 
_ could make use of vacated right- 
of-way parcels 


Some tunnel segments of the work, due to their 
depth, might be completed beneath existing 
buildings without disturbing them. Also, 
configuration of the mezzanine walls might be 
designed to skirt as many buildings as possible. 
However, the scheme does require a greater width 
than the available right-of-way, and some new right- 
of-way and building acquisition could not be avoided. 


\derground station construction 

high-density areas has ridership 
benefits, but results in major right- 
of-way impacts 
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Areas of Open Excavation: Figures 5 and 6 illustrate the approximate limits of the areas that 
would have to be constructed from the surface by open ‘cut-and-cover’ means and also those 
segments that might be tunneled from below. Figures 7-A, 7-B, 7-C and 7-D show the 
approximate outlines of the surface excavations. 


Three or four excavation pits would be required. The main pit, shown in Figure 7-A, would be 
excavated at the location of the station mezzanine, and its ‘footprint’ would generally correspond 
to the mezzanine perimeter measuring about 300 feet long by 200 feet wide. It would be located 
at the vicinity of Virgina Avenue and Godeus Street, and envelope the east side of the Safeway 
parking lot. 


The outlines of the excavation pits as shown are necessarily diagrammatic at this stage. In 
general, the attempt is made to minimize the number of buildings taken. However, for the main 
pit shown in Figure 7-A, it has been assumed that a slightly more generous size excavation 
would be needed to accommodate the mezzanine level. This leads to the possibility of taking the 
row of buildings on the east side of Mission Street. Because these buildings would likely need to 
be taken, the excavation there is illustrated extending all the way back to the east property line. 
It follows that if these buildings are taken at all, it would therefore seem most desirable to utilize 
the entire property width, to be made available to enlarge the station mezzanine to the east. 


However, the exact requirement for the mezzanine remain to be determined at a later design 
stage. It is quite possible that one or more of these buildings might be saved by refinement of the 
design. A more detailed design effort would not only address the mezzanine and building-take 
requirements of the tunnel alignments as now shown, but also consider the possibility of minor 
shifts in the tunnel positions themselves so as to further minimize property takes. 


A second excavation, shown in Figure 7-B, would be located between 29th Street and Valencia 
Street, to the north of the main pit. This excavation would enable cut-and-cover construction of 
the subway structures that would accommodate the north track merge connections (and the 
crossovers of Alternative ‘B’). This excavation, about 75-100 feet wide, and 200 feet long. (500 
feet long for Alternative ‘B’), might be narrower than the main pit because these is no mezzanine 
here. The west-side buildings are therefore shown as being saved. However, as indicated above, 
detailed design study is needed to verify the exact need for building takes. It is possible that 
some or all of the west-side buildings might actually need to be acquired. 


The third excavation would be needed only for the Alternative ‘A’ option that includes the 
pocket track. This pit would enable the construction of the structure that would accommodate 
the ‘wishbone’ track connections. As shown in Figure 7-C, it would be located just south of the 
station about 250 feet south of the main pit. It would measure about 75 feet wide by 250 feet 
long. 


The fourth excavation pit would be much further to the south, in the south quadrant of the 
Chenery Street/Miguel Street intersection as shown in Figure 7-D. This site would provide for 
construction of the south tunnel-merge structures. Due to the extreme depth here of over 100 
feet, this would be a difficult excavation, and there is the alternative possibility of constructing a 


nen 
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cavern excavated mostly from below. The feasibility of this could be determined only after soil 
borings and detailed geotechnical analysis were undertaken. Even with excavated caverns, one 
or more small-diameter shaft(s) would be needed, drilled from above for soil stabilization, 
insertion of equipment and muck removal. Such shafts would also be essential if a tunnel boring 
machine is to be used. The outline indicated in Figure 7-D is that of the largest size pit that 
would be expected at this location, about 100 feet by 200 feet. 


The other station segments might be tunneled from below in order to save property impacts and 
buildings. The station segment of 250 feet between the main pit and the north pit could be 
tunneled from below using manual mining techniques and perhaps ‘microtunnels’ to form their 
roofs. Its two large-diameter tunnels would each accommodate one track and the adjacent 
platform. This can be seen in the cross-section in Figure 7-E for Alternative ‘A’ and in Figure 7- 
F for Alternative “B’. A similar station segment could be tunneled south of the main pit, leading 
to the south approach tunnels (or to the ‘wishbone’ pit for the Alternative ‘A’ pocket track 
option). 


Property Acquisition: The approximate number of properties likely to be taken or occupied at 
each location is as follows: 


; Alternative ‘A’ Alternative ‘A’ Alternative ‘B’ 
Excavation Basic with Pocket Track 

Main Pit 

North Pit 11 11 19 

South Pit 6 6 6 
‘Wishbone’ Pit | . | 9 = 

Total Number of Properties Taken 23 32 31 

Total Private Property Area Taken 76,000 sq. ft. 98,000 sq. ft. 104,000 sq. a | 


The north pit excavation is oriented to minimize property takes on the west side of Mission; 
however for Alternative ‘B’, it does require the largest number of properties and these are mostly 
on the east side. In addition, there would be numerous buildings along Mission Street and 
properties above the south approach tunnels that would not be physically disturbed, but would be 
tunneled beneath within a subsurface right-of-way easement. 


BART 360" Street Station Final Report May 2003 
L:projects/280004 Page 28 of 67 


NEW STATION 


ete 


<4<4—-_ BORED TUNNEL CONSTRUCTION BORED TUNNEL CONSTRUCTION 


MAIN EXCAVATION PIT NORTH PIT 


FIGURE 7-A 
30" & MISSION BART INFILL STATION STUDY 


FOR STUDY PURPOSSES ONLY John T. Warren & Associates, Inc. 


ALTERNATIVE ‘B’ 


BORED TUNNEL CONSTRUCTION ————_——_ 


4 
ae 


NORTH EXCAVATION PIT 


FIGURE 7-B 


30™ & MISSION BART INFILL STATION STUDY 
FOR STUDY PURPOSSES ONLY John T. Warren & Associates, Inc. 


§-2 IaNdI3 


BORED TUNNEL 
CONSTRUCTION BORED TUNNEL CONSTRUCTION 


MAIN PIT 
WISHBONE EXCAVATION PIT 


(ALTERNATIVE ‘A’ POCKET TRACK OPTION ONLY) 
FIGURE 7-C 


30" & MISSION BART INFILL STATION STUDY 
FOR STUDY PURPOSSES ONLY John T. Warren & Associates, inc. 


BORED TUNNEL 
CONSTRUCTION » 
e : ‘ PORE < é ae al A 


SOUTH EXCAVATION PIT 


FIGURE 7- D 
30'" & MISSION BART INFILL STATION STUDY 
FOR STUDY PURPOSSES ONLY John T. Warren & Associates, Inc. 


Q- JandT4 


(Go) 
eee 
Eres | I === | 
RRR 

Sy 


x Re 
Vx ys SSH ws 
CRORE SG KK A ROR ROX CK CAS KK 


SRORDNNEDS > 


OPN E 
N30) MNROOR GRAY) SON 

CIN GENS 
> . so 


CQRe 
RPO 
DSS 
NY SS 


Ky ‘ 
KES XG < jj uN 
y SIL SSDS et HESSEN 
RRA RRR RRS = KG ¥ . g ——< RRR LAR 
Wdply lg Y 4 : Va forty spr sey Y ots SPY 
REECE QRRERRRRER RRO ELLER Rs 
BN ANS OU AL 


“ Y 


ALTERNATIVE °A’ STAGE | 


LAOS Ly 
CRY, 


RR 
. aX 


: »S 
OAS) y YRYROINS ANY WN, 
RII ORIR TCR 


N RS WA DIY 
ye 


X 
y, 


Ke OS 
x Z Y WL 
SSSINSS SY 


LRAAIONESES 
SSS 


RANDLE 


wy 


SSSI CROSS SECTION ATA IRIS 
TUNNELED STATION=PLATFORM SEGMENT BENEATH BUILDINGS 


ALTERNATIVE ‘B* FIGURE 7-F 
30TH & MISSION BART INFILL STATION STUDY 


FOR STUDY PURPOSES ONLY John T. Warren & Associates, Inc 
Fig—7f.DWG 


i——_—______s 


A considerable amount 
of the property needed ' 
for construction would 
be obtained from the 
Safeway parking lot. 
However, most of the 
Safeway lot and other 
properties could be 
restored to previous 
types of use following 
completion. Some of 
these evacuated parcels 
are along the east side of 
Mission and would 
remain buildable for new 
structures along a new 
set-back after the station 
completion. 


S— 


FIGURE 8 


Certain details of property acquisition must await further progress in the design. For example, it 
would be desirable to develop several pedestrian entrances to the new station from each side of 
Mission Street at the north end, the south end and along the sides of the station. Such entrances 
are more convenient for patrons if they extend further away from the street so as to facilitate 
pedestrian access without crossings of nearby streets. However, to develop such convenient 
entry points, more right-of-way would be required. 


To minimize right-of-way for station entrances, it might be possible to integrate one or more 
entrances into adjoining buildings. A photograph of such an entrance is shown in Figure 8. 
Usually this type of treatment is limited to a larger or more modern building. Thus it might be 
feasible for use with some of the new replacement building that could be built over and around 
the new station after station completion. It might also be possible to connect new adjoining 
buildings directly from their basement levels to the new station mezzanine. These concepts are 
called ‘joint-development’. 


Alternatives: Alternative ‘B’ would require more substantial width than Alternative *A* due to 
the extra space needed to construct the new platforms completely outside the envelope of the 
existing tunnels. Accordingly, there would be an increase in overall width needed and an over- 
wide mezzanine would also be a result. 
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6. CONSTRUCTION IMPACTS AND SEQUENCING 


Construction Methods 


As indicated above, the majority of the construction of the BART underground facilities would 
be accomplished away from the pre-existing operating tracks. Only during construction of the 
tunnel merge locations and track connections would BART operations be affected. 


Utility Relocation: Relocation of utilities is usually the first construction work to be initiated. In 
general, certain of the smaller utility lines, such as water and gas pipes that function under 
pressure, and also most electric utilities, are rerouted around the excavation site where possible, 
or supported from the shoring. Larger utilities such as major sewers that operate by gravity flow 
cannot be easily rerouted so instead would be reinforced in situ, underpinned and supported by 
attachment to the shoring framework. Utility relocation would be less for Alternative ‘A’ and 
more for the alternatives with the larger pit excavations. 


Excavation and Shoring: The station box structures themselves, which would accommodate the 
station platform and mezzanine and also the north tunnel-merge structures, would have to be 
constructed by cut-and-cover means. This is the same method that was used to construct the 
other original stations along Mission and Market Streets. Under the conventional method, steel 
pilings (soldier piles) are drilled and installed vertically from the street surface around the 
periphery of the station site. The piles are then in-filled with timber lagging materials to retain 
the earth. Another conventional method, Bentonite slurry wall construction, is very costly and 
has environmental disadvantages. 


A newer excavation method that has been developed and used in recent projects could be applied 
to this construction. This technique is called ‘soil-mix’ technology, and was developed by the 
Japanese company, Seiko Kogyo Company, Ltd. This method has been previously used on at 
least one other BART project and also on the Islais Creek project in San Francisco. 


With soil-mix construction, the walls of the site excavation are created by drilling a row of 
closely spaced holes, which are filled by a mix of injected cement and native soil. These walls 
would penetrate about one-third deeper than the invert slab (bottom floor) of the completed 
station. 


The soil-mix method could be used instead of the more conventional soldier piles, because it has 
the following advantages: 


e The soil mix walls are thinner than conventional ones, thus saving space and right-of-way 


e The construction shoring can be used as a component of the formwork for the later 
concrete pours used to create the new station walls 


e The construction shoring can become part of the permanent structure, thus saving both 
space, time and cost by obviating the need to extract temporary steel piles or timber 
lagging 
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e This type of construction is nearly waterproof, so continuous pumping out of ground 
water seepage and silt is greatly reduced 


e Cost of the soil mix construction is not substantially greater than conventional soldier- 
pile and lagging methods. It is less expensive than the Bentonite slurry wall method. 


Due to the extreme depth of the southerly tunnel-merge location, excavation of the large pit 
shown in Figure 7-D, all the way down from the surface might not be feasible or desirable. If 
such is the case, the underground excavation would need to be accomplished working mostly 
from below. This would be facilitated by one or two relatively small-diameter access shafts 
bored down from the surface. The shafts would be used for construction access and material 
removal. Such shafts could be bored beneath Miguel Street, thus keeping building takes to a 
minimum. The exact requirements for this are subject to further study. 


All the excavated earth material from the pit excavation and the bored tunnels would be lifted to 
the surface and removed from the site in dump trucks. This operation would occupy substantial 
space at street level and generate significant traffic. 


Temporary Decking: When completed, the drilled walls of the main excavation would be tied 
together with a steel framework of spreaders, ‘walers’ and girders, which would then be used to 
support a temporary timber deck for vehicular traffic and pedestrians. During this time, any 
utilities not already relocated would be underpinned or tied to the temporary shoring structures. 
Meanwhile, further excavation would proceed beneath the deck to the full station depth. 


The temporary timber decking is usually first constructed along one half of the street at a time, 
and during a period of about one year, street traffic would have to be constrained to one lane in 
each direction. On-street parking would be prohibited during the entire project. Temporary 
poles would be used to support traffic signals, streetlights and the MUNI trolley bus wire system. 
The methodology for all this is well-tested and was used for previous construction on the original 
BART Mission and Market Street stations. 


Staging and Sequencing: 


The Figure 9 series of illustrations show the basic sequencing of construction of the main pit at 
the Safeway parking lot. This sequencing is for Alternative ‘A’, with Alternative “B’ being 
similar, although not identical. First, utilities are relocated. Figure 9-A shows the next stage 
during which the soil mix walls are drilled along one side of the street and along the center of the 
street, followed by excavation between them as in Figure 9-B. Then as shown in Figure 9-C, a 
temporary deck would be constructed along one half of Mission Street while two lanes of traffic 
are rerouted onto the other half of the street. Excavation would proceed below. After traffic can 
be redirected onto the completed temporary decking, the second half of the street would be 
drilled and decked as in Figure 9-C and 9-D. The excavation could then proceed to completion 
beneath the full-width temporary decking, and at that time, also as shown in Figure 9-D, all four 
traffic lanes could be restored to Mission Street. Sidewalks could similarly be maintained using 
decking, with some rerouting around the periphery of the excavation. 
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After the excavation had reached its full depth, the bottom slab, walls, roof and other 
components of the station box structure would be formed and completed. Also at that time, the 
two tunnels between the station excavation pits and between the station and the south merge 
location would be bored outward from the main excavations. 


In order to stabilize and protect the existing BART tunnels during construction of the station, 
soil/cement grout mixture would be injected beneath and around the tunnels. Additional soil-mix 
walls might also be drilled along the sides of the tunnels to protect them. 


For Alternative ‘A’, construction of the station box would proceed as shown in Figure 9-D with 
the existing BART tunnels retained in service while the mezzanine level above was constructed 
over them. This would permit advancement of the work to complete the station shell and also 
rebuild the surface street independent of progress on the new tunnels, structures and tracks 
below. Thus there would be no schedule dependency (i.e., no ‘critical path’ relationship) 
between rerouting the BART trains to the new tunnels (as in Figure 9-E for Alternative ‘A’) and 
finishing the top of the box structure in order to backfill the excavations and restore Mission 
Street. After the BART trains could be rerouted to the new tunnels, the station platforms could 
be completed. 


Tunneling and ‘Cut-In’ to the Existing Tunnels: The new southern approach tunnels would be 
constructed from below grade so that the surface could remain undisturbed. The large-diameter 
bores between the main excavation pit and the north pit, and also the segment just south of the 
main pit would also be tunneled as shown in Figures 7-E and 7-F. 


The south approach tunnels are smaller diameter but may not be sufficiently long to 
economically justify the use of a special tunnel-boring machine (TBM). A TBM can bore faster 
and cheaper than manual mining. However, a TBM is itself costly, takes about one year to 
manufacture and also requires adequate space for its launching and extraction. The project 
configuration would not permit easy extraction of a TBM at the south end. Use of a single TBM 
would also require that the two tunnels be bored consecutively rather than concurrently, thus 
doubling the time requirement. 


However, with an access pit or access shafts at the south tunnel merge location, extraction of a 
TMB would be feasible. Manual tunneling would also be facilitated by south pit surface access, 
as the tunnels could be excavated from both ends toward the middle, on four working faces. 
This would cut the manual tunneling time in half. 


At the extreme ends of the new tunnels and trackage, these would have to be connected into the 
existing tunnels as shown in Figure 10. When complete, the new work must be switched over to 
or ‘cut-in’ at the limits of the new construction. There are two such locations along each track 
direction, totaling four ‘cut-in’? merge points. Each of these would resemble a branch in the 
tunnel configuration. 


The merge construction of the project is highly problematic as it involves potential interruption 
of train traffic and single-tracking of train service while the work proceeds. The underground 
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location of all the construction also entails extreme difficulty because work area is limited and 
work access is very awkward. Much of the construction work at the four merge locations (and 
also at the track crossover of Alternative ‘B’) would be in close proximity to the operating tracks 
and could only be safely performed while BART service is suspended during very limited 
schedule windows or during single-tracking operations. Needless to say, this is a major 
disadvantage, and BART service interruptions would need to be minimized. To do so, the basic 
approach would be to minimize the size of each merge location as much as possible so as to 
permit its quickest possible construction. 


(Further description of the BART service interruptions, single-track operations and bus service 
substitution is included a following section.) 


Before the main work could proceed at the tunnel merge points, certain existing BART systems 
would have to be rerouted away from the work zones. These features include electric power 
distribution cables, communication and signal lines and the conduits and raceways that contain 
them. Segments of the concrete emergency walkways would also have to be removed and 
replaced with temporary timber walkways through the construction areas. 


At each location, as shown in the sequence in Figure 10, first the existing tunnels would be 
exposed and the tunnel roofs removed. For safety, the latter work could be done only during 
suspended service or reduced-service windows. The new structure of the tunnel merge would 
then be constructed. This work, which is over and immediately adjacent to the operating tracks, 
would also be limited to times during service suspension. 


The track merge locations north of the station would be constructed in a box similar but 
somewhat narrower than the main box structure. The southern merge location is more distant 
from the station and also at great depth below the surface. So these merge points might have to 
be installed in specially excavated caverns if a large pit is to be avoided. Instead, smaller 
diameter shafts would be bored from above. Then to construct a cavern as shown schematically 
in Figure 11, the earth above the existing tunnels might first need to be consolidated by injection 
of cement grout or other special materials by drilling from above. Other techniques such as 
insertion of horizontal support girders or boring horizontal ‘micro-tunnels’ laterally over the 
existing tunnels might be needed as well. These are complex, difficult and costly tasks, and the 
special requirements for them would be subject to further study. 


Track Construction: 


Construction of the trackwork and its foundations at the ‘cut-in’ locations would also be 
especially difficult. Construction and replacement of in-service railroad track is not uncommon, 
and the conventional method is easily facilitated where the trackage is on the surface. In such 
cases, a section of track such as a complete turnout is prefabricated as a unit together with all its 
crossties, and installed as a ‘panel’ to replace a segment of pre-existing track. The use of panels 
facilitates quick replacement of track so that service interruptions can be minimized. However, 
in this case of the underground BART tunnels, the conventional methodology is inadequate due 
to two major limitations: 
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e The space available within the tunnels is so constrained that only small track components 
could be handled and maneuvered into place. It would not be feasible to install a 
complete # 15 turnout as required for Alternative “B’ in one piece, at one time. 


e The foundation configuration and the fixation hardware needed to support a turnout is 
much different than provided by the existing track slab. Yet it is impossible to 
completely and immediately modify the existing slab without disrupting the rails and 
causing long service interruptions. 


Therefore, replacement of an entire turnout as a single panel would be infeasible. Instead, 
construction of the new trackwork would have to be advanced piece-by-piece during the 
available short-time service interruption windows. 


There appears to be three possible means to modify the trackwork and these are described below. 
This work would be preceded by removal of the adjacent concrete walkways and raceways and 
by electrical isolation of the track construction zone by installation of insulated rail joints. The 
continuous electric power third rail would be replaced by a discontinuous power rail with gaps; 
these being defined as the longest permitted under BART standards. (These shortened third rail 
segments would be supported on jigs so as to be easily and repetitively disassembled, 
manipulated and replaced during subsequent trackwork activities.) Trackwork modifications 
could be accomplished by these methods, working from the side of the track where the new 
tunnel excavation had been previously completed: 


1. Modify Track Slab Fixation: This would be the preferred approach. The existing rail 
fasteners which support the rails are located on three-foot centers. These are supported by 
(second pour) concrete plinths about 32 inches wide, which are raised about six inches above 
the (first pour) concrete trackway slab. The existing direct fixation (DF) rail fasteners 
include plates that are about eight inches lengthwise by 14 inches crosswise with respect to 
the rails, and about two inches thick. Two bolts hold each fastener to the concrete plinth and 
two more bolts, which extend upward, affix the rail to the plates with rail clips. 


The existing fasteners are not designed to accommodate the special fittings of the new 
turnout. New longer-slotted rail fasteners would be needed to affix and support the 
switchpoint, the frog and the guardrails of the new turnouts. Also, additional fasteners would 
be needed to support the two additional rails (curved stock rail and curved closure rail) of the 
new turnouts. 


Between each pair of adjacent fasteners along each rail, there is a void about two inches high 
between the rail and the concrete plinth. It would be possible to insert new rail fasteners into 
these voids between the existing rail fasteners as shown in Figure 12-A. To accomplish this, 
these voids might need to be chipped away slightly to increase their depth. The concrete 
plinths would also need to be augmented as needed to broaden them. Next, anchor bolt 
inserts would be drilled and installed in the widened plinth at each location for the new 
fasteners. The bolt inserts would be drilled on each side of the existing rails, but placed 
further away from the rails than the existing rows of fastener bolts. 
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The new fasteners would consist of ‘T-slot’ plates slipped under the existing rails at the 
positions of the new switches and frogs, and bolted onto the plinths using the previously 
prepared bolt hole inserts. The long T-slot in each plate could then accommodate a variety of 
rail and hardware widths by inserting the upper fixation bolts and sliding them laterally as 
needed. Initially, the T-slot fasteners would be adjusted to support the existing rails. Then 
the pre-existing DF fasteners would be removed and the T-slot fasteners quickly readjusted 
for the new rail fittings. 


During the above-described tasks, the existing running rails would remain in place 
undisturbed so that only short evening/night time/weekend service interruption windows 
would be sufficient to advance the initial preparatory work. When all the fixation hardware 
had been pre-prepared in this way, segments of rail would then be cut out, one at a time, and 
replaced with the new fittings for the switch and the frog. The general approach to this is 
shown in Figure 12-B. At each time that this change-out of the major turnout components is 
done, a longer service interruption window, such as an entire weekend, would be required 
during which BART trains would be subject to single-track operations. This would probably 
occur a total of about 30 times during the project. During each single-tracking schedule 
window, work would proceed concurrently at all the new turnouts on the out-of-service track. 


. Use of ‘Boot-Ties’: In the segment of each turnout between the switch and the frog, there are 
four rails — two straight rails and two curved rails. The curved stock rail and the curved 
closure rail would be new additions, and in these segments the two curved rails could be 
placed on ‘boot-ties’ as alternate means of support. 


Boot-ties, as shown in Figure 12-C, are essentially small (about 12 inches wide by 10 inches 
thick by 30 inches long) prefabricated concrete pedestals designed to support each rail. Each 
boot-tie includes a resilient base pad, and the bottom half of the tie is also encapsulated in a 
rubber ‘boot’. The boot-ties could be used in some locations in lieu of full modification of 
the base plinths needed for the insertion of T-slot plates. However, the boot-ties cannot be 
used at the switch and frog locations because of the non-standard fixation details needed 
there. 


. Conventional Switch Ties: This option is considered in Figure 12-D. The existing rail 
fasteners, which support the rails, are located on three-foot centers. By cutting and chipping 
away voids between the rail fasteners down into the plinths and the track slab, spaces would 
be created beneath the rails sufficient to accommodate new switch ties. Ties of six-inch by 
eight-inch dimensions would be inserted one-by-one from the side of the track where the new 
tunnel excavation had been previously completed. However, a major disadvantage of this 
approach is the greater depth needed in cutting out the base slab. 


Two new switch ties could be placed in the void between each adjacent pair of rail fasteners. 
Each pair of ties would consist of a Crosstie ‘A’ and a Crosstie “B’ as labeled in the Figure. 
Crossties ‘A’ would initially be shimmed up to support the two rails and would be affixed to 
them with new rail fasteners. Crossties ‘B’ would be left loose. 
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With the rails now supported on Crossties “A’ at 36-inch spacing, the pre-existing rail 
fasteners would be removed and the remainder of the plinths jackhammered out to extend the 
voids beneath the rails and make them continuous. At this time, the loose Crossties ‘B’ 
would be shifted and respaced along the track. Then these ties would also be shimmed up 
and fastened to the rails. A new tie spacing of about 18-inches would thus result to support 
the new turnout. 


With the new ties in place, a bed of concrete would be poured around and beneath them to 
affix them to the base slab. Installation of the remainder of the new components of each 
turnout would then proceed piece-by-piece as expeditiously as possible during the 
subsequent construction time windows. 


Either timber or concrete ties could be utilized, however, timber ties have the virtue of lighter 
weight and can also be easily field drilled where needed to affix and adjust fasteners. 


All of the above-described options have been utilized before in BART construction. The T-slot 
fittings and boot-ties were used in the SFO Extension project. Both timber and concrete switch 
ties have been widely used on BART and are conventional. Appendix ‘H’ includes some sample 
engineering details excerpted from contract drawings of similar BART installations. 


With any of these methods, all of the proper tie plates and fasteners to support each turnout 
would have been installed during a preparatory phase during several evening/night time service- 
interruption windows which would involve single-track operations. Next, the main line guardrail 
would be installed on its pre-positioned fastener plates as shown in Figure 12-B. 


Completion of the trackwork would require weekend-long service interruptions also involving 
single-track operations. A short segment of the running rail would be cut out to be replaced with 
the turnout frog. The pre-existing running rail might remain in place as the tangent stock rail, 
and it could be ground along the rail head as needed to receive the proper fit of the new 
switchpoint. Or, more likely, a completely new switch fitting could be cut into the rail. A 
segment of the opposite running rail would have to be cut out and replaced with the curved stock 
rail and the second switchpoint. The remainder of the straight running rail could remain in place 
as the tangent closure rail. 


Finally, the curved closure rail, the permanent third rail and all the other turnout fittings, 
guardrail, rods, braces and hardware would be installed. The entire process would thus consist of 
piece-by-piece operations, each being performed during a train service shutdown. Although this 
process would be tedious and time-consuming, the same tasks could proceed concurrently on 
several turnouts at once. 


For Alternative ‘A’, there is no requirement for a turnout, but instead the replacement of the 
existing tangent track segment with a curved track. Although the track hardware would be less 
complex than a turnout, the length would be greater because the new curve would need to be of 
greater radius to support the operations of higher speed main line train movements. However, 
certain of the above techniques, especially the use of boot-ties, could be utilized to construct the 
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curved track while retaining the tangent rails in continuous service. The curved track, unlike the 
turnout alternative, may require some superelevation. This could be achieved after its initial 
installation by incremental insertion of shims, or raising the boot-ties, to readjust the outer rail 
upward. 


Surface Traffic Detouring and MUNI Routes: 


During almost all of the construction period, vehicular traffic, including all MUNI bus routes, 
could be maintained on the surface of Mission Street on a temporary deck. However, during 
initial construction of the temporary deck, and again during its removal, traffic would have to be 
restricted to only two lanes, one in each direction as shown in Figures 9-A, 9-B, 9-C and 9-F. 
The time during which these detour constraints would be imposed would be less than the full 
duration of the excavation work but would nevertheless be a significant interruption for each of 
the two occurrences. On-street parking would have to be prohibited during the entire course of 
construction in order to free up room for construction vehicles. 


During the detour periods some traffic would need to be rerouted to alternative streets. Potential 
detour routes include the immediate parallel streets, and San Jose Avenue/Guerrero Street might 
be so utilized. Traffic rerouting to move distant routes, such as Dolores Street, and preferably to 
Alemany Boulevard/U.S. 101 and to Third Street could be encouraged by signing and adequate 
publicity. Detour traffic should be discouraged from entering the Bernal Heights area do to the 
very narrow width of the streets there. 


City of San Francisco policy usually promotes public transportation, and during the two-lane 
detour periods it would be possible to favor the MUNI bus traffic along Mission. All MUNI bus 
routes, including the electric trolley buses, could be kept operating over the temporarily decked 
street at almost all stages of construction. To facilitate adequate street capacity for buses, peak 
hour auto traffic could be limited through the construction site during the two lane detour 
periods. 


Even though two-lane detours would be needed, there are mitigations available to facilitate 
traffic flow through the work zones. These might include: 

e Redirection of through traffic away from the site by signing and publicity 

e Provision of full-width (12 or 14-foot wide) detour lanes 

e Prohibition of left turns and parking 

e Provision of right turn pockets at intersections 

e State-of-the-art (optical) traffic signal detection and control during construction 

e Relocation of temporary bus stops away from the two-lane detour segments 

e Pedestrian fencing to discourage jaywalking 


e Improved traffic law enforcement 
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With these measures, the traffic capacity through the two-lane zones might be kept adequate for 
all traffic. 


The MUNI electric trolley buses can be kept in operation almost continuously. The trolley wires 
and special work (switches) can be shifted from one side of the street to the other while being 
supported on temporary poles as shown in the Figure 9 series. The wires can be cantilevered 
from one side of the street so that cross-street span wires will not interfere with construction. At 
each change-over, the subsequent wire rerouting would be constructed in advance, and then ‘cut- 
in’ at the extremities of the rerouting. 


Between wire junctions, the wires are straight tangent runs and each succeeding layout can be 
constructed parallel to the preceding one without conflict. However, at the wire junctions at the 
Mission/30" Street and the Mission/Cortland intersections the construction would be more 
complex due to conflicts between preceding and succeeding wire layouts. 


At each stage of wire work at these junctions, the succeeding wire layout would be constructed 
above the pre-existing wires, which would be kept in continuous service. The trolley bus poles, 
which press upward onto the wires, would thus be unimpeded while the work proceeds. This 
method is called ‘over-building’ and proceeds until the new over-built wires are ready to be ‘cut- 
in’. (This resembles in principle—but on a smaller scale—the BART track ‘cut-in’ described 
above). The cut-in of the new trolley wires and cut-down of the old wires can be accomplished 
overnight or on a Sunday and it would only be at such brief times that electric trolley service 
would be interrupted. Diesel buses could easily be substituted at such times. 


However, construction of overhead wires would entail some traffic lane closures due to use of 
the street by line trucks. Other interruptions to street traffic would occur during utility 
relocation. This typically is less time-consuming than the main detour stages but nevertheless is 
frequently perceived as quite disruptive. Usually this involves occasional lane closures for 
various periods, installation of temporary steel plates in the pavement and the like. 


Property Access and Driveways: During the time that the temporary decking is being 
constructed and removed, and during the entire duration of its use, property access would be 
maintained. For pedestrians, temporary sidewalks would be constructed and supported on the 
construction shoring as needed, or as separate fabrications, or as portions retained from the pre- 
existent sidewalks where they abut buildings. Adequate pedestrian access to each building 
would be assured using temporary—usually wooden—structures. These would be configured to 


permit full handicapped access. 


Where vehicular driveways exist, these would be maintained in place and/or replaced with 
substitute access points. Emergency access must be maintained throughout, and the 
requirements for this would be subject to approval by the emergency services departments of the 


City. 


Completion of Construction: Once construction of the new tunnels, tracks, and BART system 
work was completed, the new tracks would be ‘cut-in’ to the existing BART line and train traffic 
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rerouted to the new alignment as shown above in Figure 9-E. Portions of the pre-existing tunnels 
would then be removed and the station platform and mezzanine completed as indicated in Figure 
9-F. 


When the station box structure is completed, it would be covered with earth and the surface 
streets rebuilt to the newly designed layout. At that time, street traffic detouring and lane 
reduction would again be required prior to final completion. The sequencing of this would as 
shown in Figures 9-F and 9-G. 


Alternatives: The basic construction staging and impacts of Alternatives ‘A’ and ‘B’ would 
generally be similar. However, there would be some differences. For example, the double 
crossover of Alternative ‘A’ as shown would need to be constructed adjacent to, and beneath in- 
service trackage, and this would multiply service interruptions during construction. The station 
platforms of Alternative ‘B’ would be constructed entirely in one stage at the same time as the 
new tunnels. This differs from Alternative ‘A’ where the platform construction would be in two 
stages as shown in the Figure 9 series. At the merge locations, turnouts would need to be 
constructed for Alternative ‘B’ instead of the simple track curves of Alternative ‘A’. This 
increased length dimension of the Alternative ‘A’ curved-track geometry would increase the time 
and interruption of BART operations during construction. 


Construction Schedule: 


Figure 13 is a bar chart that illustrates the approximate time durations of the various aspects of 
the project. The general sequencing would be similar for ‘A’ and ‘B’. The total time 
requirement from inception of construction to completion would be about three and a half years. 
This does not include the time needed to complete the engineering and prepare the contract plans 
or to administer the contract tender. 


The main time elements of the work include these: 


e Building demolition 

e Utility relocation 

e Drilling of east-side/center soil mix station walls 

e Drilling of west side soil mix station walls 

e Construct west side station decking 

e Construct east side station decking 

e Complete station excavation to full depth 

e Bore tunnels and excavate south cavern 

e Construct station box structure 

e Demolish existing tunnels at station (Alternative ‘A’) 
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e Backfill station box structure 


e Rebuild/restore east side of Mission Street 

e Rebuild/restore west side of Mission Street 

e Construct tunnel south merge structures 

e Complete station platforms and internal walls 

e Install trackwork and BART electrical and utility systems 

e Install station escalators and elevators and complete station finishes and furnishings 
e Perform testing of station systems 


Many of the above tasks can be implemented concurrently or are partially concurrent with each 
other. 


The time during which the street traffic lane reductions would be imposed would be much less 
than the 42-months total construction time, lasting about 11 months at the onset and seven 
months at the conclusion. 


High-Risk Construction Issues: 


This project involves many unusual and difficult operations that entail risk. The meaning of risk 
is that there is a reasonable probability that unforeseen problems may arise or that foreseen 
problems might become more problematic than originally expected. Such factors include the 
possibility and increased potential for hazard during underground construction in constrained 
areas, and for construction near an operating rail system. Potential risk factors might include the 
following: 

e Encountering undocumented underground obstructions 

e Increased vulnerability to seismic events 

¢ Possibility of groundwater intrusion and flooding 

e Groundwater uplift and ‘floating’ upward of underground structures 

e Need for additional soil improvement treatments along tunnels 

e Damage to adjoining properties and/or properties above the tunnel excavations 

e Need for special building underpinning 

e Unforeseen subsidence and/or need for settlement monitoring and control 

e Unforeseen noise and vibration mitigation 

e Worker accidents 

e Potential for accidents involving moving trains and their passengers 
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e Likelihood of repeated and/or severe service disruptions due to scheduling errors, failure 
to clear tracks, construction mishaps, etc. 


e Consequential damages arising out of the above 


To address these potential problems, all construction operations must be undertaken with 
utmost caution, with the most conservative safety measures fully enforced. In addition, 
costly special insurance policies might be warranted. 
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7. MAINTENANCE OF BART SERVICE DURING CONSTRUCTION 


Service Reduction Windows During Construction 


Track_Availability for Construction: The present BART service schedule at the site operates 
passenger-carrying (‘revenue’) train service from 4:00 am until 1:30 am, five week days a week. 
Start-up on Saturdays is 5:30 am and 7:30 am on Sundays. Thus there is only a two and a half 
hour window most nights when revenue trains are not in running. However, during these 
intermissions, BART must still run occasional trains and equipment. 


For example, during the night some BART trains are moved from place to place on the system to 
remove disabled trains from wayside sidings on their way to the repair shops. Also, trains may 
be moved from line terminal to terminal to ‘balance’ the correct number of vehicles and redeploy 
them for morning service start-up. The tracks are also used for routine and for unscheduled 
maintenance and to move maintenance equipment from place to place. Thus there is a constant 
demand for track usage even during the nighttime revenue service shutdowns. 


When the tracks are removed from service for construction activities, it is necessary to shut off 
the electric traction power and also to deactivate the automatic train control facilities along the 
tracks. To assure safety, certain procedures must be followed and this requires a certain amount 
of time. Likewise at the conclusion of the construction activities, when the track is to be placed 
back into service, the safety procedures and tests needed are time-consuming. 


Accordingly, useful construction windows cannot always be provided during regular nighttime 
service suspension. Instead, construction on the tracks must involve reductions in revenue train 
service. The opportunities for such service suspensions are those times when diminution of train 
service would inconvenience the fewest patrons. Such times are when trains run on longer 
headways and carry fewer passengers. This happens after 9:00 pm on weekdays and also on 
weekends, especially on Sundays. 


It would be possible to provide seven-hour construction schedule windows between the hours of 
9:00 pm and 4:00 am on each weeknight and also longer windows, from 9:00 pm Friday nights 
until 4:00 am Monday mornings. However, these construction opportunities would also be 
limited by the need for BART to use the tracks for purposes other than revenue service, as 
described previously. Also, there are certain times of the year and periods when special events 
would preclude any reductions in service. 


Therefore, the available time for construction activities at the site is very limited. 
Single Tracking: 


It is not considered practical to completely shut down BART service even during the limited 
windows. Although it is possible in theory to set up substitute bus service (“bus-bridges’), there 
are serious deficiencies to that approach as will be described below. Therefore the option of 
single-tracking is the only remaining possibility. With single-tracking, one of the two BART 
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tracks is shut down for construction while trains from both directions take turns using the 
remaining track. This is feasible only during the times when fewer trains are running, as in the 
late evening and weekends. It nevertheless would impose considerable delay and inconvenience 
on patrons. 


A single-tracking segment is defined by the location of existing crossover tracks. For the 30" 
Street Station site, the nearest crossovers are north of 24” Street Station and south of Balboa 
Park Station. Therefore, trains from north and south would take turns using one track between 
these points, running on one of the tracks through the Balboa Park, Glen Park and 24" Street 
Stations. 


On Sundays, there are only two BART lines in service, each on a 20-minute headway (See Table 
in Section on Existing Conditions.) However, it is not feasible to operate all of the trains of both 
of these two lines over the single-track. Single-track operations entail train slow-down 
throughout the crossovers, waiting time and manual train control instead of computer automatic 
control. Single-track operations would be on 20-minute headways through the 24" Street to 
Balboa Park segment. Therefore, one of the two lines would have to be turned back at each end 
of this segment using the same crossover track locations. 


Passengers on the turnback trains would have to be deboarded at 16" Street and Daly City 
Stations and wait for the following train. The wait time for these patrons until the next train 
would be 10 minutes. 


It might be possible to supplement the single-track service with a bus-bridge or possibly with 
augmented parallel MUNI and/or Caltrain service. However, these are not sufficient to 
completely replace BART service. Substitute bus service was considered and described as 
follows: 


‘Bus-Bridge’ Substitute Service Option 


Substitute bus service during construction could take the form of a bus-bridge between BART 
24" Street Station and San Francisco International Airport (SFO) and Millbrae/Caltrain. For this 
option, BART train service would be terminated at 24™ Street Station. Service beyond that 
station (all the way to Millbrae and SFO) would be handled by the bus-bridge. This would be a 
difficult and costly operation because of the large number of buses involved and the volume of 
passengers having their travel times significantly increased (possibly an hour or longer from 24" 
Street to Millbrae). 


The substitute service would start at 9:00 pm and continue until about 1:30 or 2:00 am for 
evening service suspensions. In order that morning service not be affected, the tracks would 
need to be returned to train use no later than 4:00 am weekdays, 5:30 am Saturdays and 7:30 am 
Sundays. 


There are major disadvantages to this concept. Passengers from SFO or Millbrae/Caltrain might 
normally depart those BART stations on a last train at 11:50 pm. Such patrons could then get to 
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their destinations anywhere on the BART system. If a bus-bridge were used, the last bus would 
need to leave by about 10:30 pm or 11:00 pm in order to deliver passengers to 24" Street Station 
so as to catch the last trains to the Eastbay. 


Thus there would be a great deficiency serving any passengers getting off work at 11:00 pm at 
SFO, and normally taking BART to get to Dublin/Pleasanton. These patrons would not be able 
to make the needed connections in time. The project would impose a heavy inconvenience on 
such passengers who may use the BART system between 11:00 pm and 12:00 am. 


The bus bridge operation also would become more inconvenient for a greater number of 
customers on Friday and Saturday evenings when there is on average more late night patronage 
of the system. 
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8. OPERATIONS QUALITATIVE REVIEW 


This is a initial qualitative analysis of the operational and capacity impacts of building an infill 
station at 30" Street. In addition, assessment of the delays to real-time train operations are more 
fully and accurately addressed in the simulation analysis described in the following Section.. 


As described above, the present study has narrowed various station alternatives to two, and these 
options are shown diagrammatically in Figure 14. There also continue to be slight variations 
possible for each alternative, such as the positioning of crossovers, etc. 


PLATFORMS 
ALTERNATIVE "B" 


FIGURE 14 


Alternative ‘A’: Two new tracks and platforms, with an option for a center pocket/tail track 
south of the proposed 30" Street Station. This is an on-line station. 


Alternative ‘B’: Two new tracks and outboard platforms, located away from of the main line 
tracks, with a new crossover between the existing main tracks north of the proposed 30" Street 
Station. This is an off-line station. 
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Operating Assumptions 


The BART staff has outlined the following potential operational assumptions as a basis for 
capacity analysis: 


e A 12-minute base headway with two peak period rush trains (Pittsburg/Bay Point- 
Millbrae). 

e Minimum two-minute headway during the peak hour on the main line. 

e Optimize train sequencing 


e Any scheduled short turnbacks at 30" Street Station would be by Fremont-to-30" Street 
trains. (The Fremont Line is also being considered for extension to San Jose/Santa 
Clara). 


e Train sequencing and headways would be the same for both am and pm peak hours, in 
the peak direction. 


e Full moving block automatic train control (AATC) operation on the main line. 


e Alternatives must be capable of supporting through-train operations in both directions. 


The following are the benefits and drawbacks of each Alternative: 


Alternative ‘A’ — Benefits 


e The basic scheme has no switching, thus there is no additional delay created by merging 
revenue trains. 


e See below for benefits of turnback option. 


Alternative ‘A’ — Drawbacks 


This scheme requires all trains to stop at 30 Street and so lengthens end-to-end runtimes for all 
routes. This might require additional revenue vehicles (a complete additional train for some 
routes) to maintain headways. 


All trains stopping at 30" Street would have to stop on a main line track, thus seriously reducing 
line capacity in both directions. 
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Alternative ‘B’ — Benefits 


Permits ‘skip-stop’ (‘express’) operation past 30" Street. Through ‘express’ trains would 
operate on mainline tracks while ‘local’ trains would diverge onto the side tracks to stop at the 
station platforms. 


Compared to Alternative ‘A’, this scheme provides a four-track segment with crossovers and 
off-line storage capability. This has improved potential for delay mitigation. 


Alternative ‘B’ ~ Drawbacks 


With ‘skip-stop’ operation, there is a potential for very long station dwell during the peak period 
for those trains that serve the new 30" Street Station. During the peak hour, trains on the main 
line could run at minimum two-minute headway or less with AATC. Trains that stop at the 
platforms (probably the Richmond, Fremont and Dublin/Pleasanton Lines) may be held/delayed 
up to 12 minutes to wait for a gap in the bypass track schedule. (These trains could even be held 
until after the peak period, when train density is reduced significantly, to allow catch-ups in the 
schedule.) Thus in this example, only the Pittsburg trains, which bypass the station, would be 
exempt from excessive new delays. 


(There might be an exception to this if BART Central Control could direct occasional trains out- 
of-sequence by allowing the delayed stopped trains to ‘force’ a merge back onto the main line 
before the next scheduled bypass train arrives at the merge point. But this scenario might delay 
following through trains on the main line.) 


With very close headways and the potential train interactions that will be a result of a new 
AATC system, any delays or ‘off-set’ in timing for diverted trains to merge back onto main line, 
may result in reduced capacity. Delays or ‘off-set’ in timing for merging diverted trains onto 
the main line at 30 Street would also particularly reduce line capacity in the pm peak direction. 
This would occur for either ‘skip-stop’ or all trains stop at 30" Street, and delayed trains or 
running trains out of sequence from 30" Street to the north, would also unfavorably impact 
schedule adherence and on-time performance for all trains. 


The first late train of any delayed route arriving in downtown San Francisco would experience 
longer dwell time as more passengers accumulate on the platforms. Longer dwells will in turn 
exacerbate the delay and reduce train throughout at those critical downtown stations 
(Montgomery and Embarcadero), which control overall line capacity. 
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Alternative ‘A’ includes a turnback pocket track as an extra-cost Option. Alternative “B’ does 
not include a special turnback track, but would permit use of the two center bypass tracks for 
turnback as an operational option. If the center track were to be used for turnback/storage 
function, it could not be simultaneously available as a bypass/express track. There are also two 
types of turnback use — One for reversing revenue trains, and a second for storage and reversing 
of disabled trains. The following are the general benefits and drawbacks of turnback train 
operations: 


Alternatives A’ and ‘B’ Turnback Track — Benefits 


Operational flexibility by allowing revenue trains to turn back at 30" Street, out of the way of 
main line traffic. Potentially useful for future San Jose trains. 


Depending on the schedule, there may be the ability to reduce the need for rolling stock by 
saving a train on some routes, with short turnback of revenue trains at 30" Street instead of at 
Daly City or further south; OR: 


Capability to temporarily store disabled trains on the center track(s), out of the way of mainline 
traffic, facilitating delay recovery as well as reducing the impact of train mechanical failures. 


The tail track option of Alternative ‘A’ is on a flat grade, which improves safety and facility. 


Operational complexity requires merging of trains leaving the pocket track into the main line. 


For revenue turnback, trains would require three separate dwells: One for alighting passengers, a 
second on the turnback track to ‘change ends’, and a third for boarding passengers after the 
short-turn is completed. Changing ends would require train operators to walk through the train, 
from beginning to end, to ‘key-in’ and ‘key-out’. This additional time could result in a missed 
schedule slot. (An alternative is to have two train operators, one at each end. But this would 
increase labor requirements and cost.) 


The three possible uses of the center tracks of Alternative ‘B’ — (express trains, revenue train 
turnback and disabled train storage) are mutually exclusive at the same time, yet they are all 
needed most at peak periods. It would be possible to augment the track layout to permit 
simultaneous uses, but only at additional cost. 


The 3.21 per cent grade of the center tracks in Alternative “B’ is disadvantageous for their most 
effective use for train turnback and storage. It is desirable for safety that these types of tracks 
be on flat grade. If not, special safety features might be needed at extra cost. 


Construction of the Alternative ‘B’ double crossover tacks on the existing mainline would 
disrupt train operations and require additional use of single-tracking and/or substitute bus 
service. 
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9. TRAIN OPERATIONS SIMULATION ANALYSIS 


An analysis of train operations with and without a 30" Street Station was conducted by BART 
staff. A computer simulation was utilized based on certain operations assumptions which are 
listed below. The objective was to define train headways as the major index of system capacity 
and train “thruput.’ 


Comparative alternative simulations were run for the existing line without the new station at 308 
Street as well as with the new station. Also, there were alternative simulations run for train 
control based on the pre-existing train detection by track circuits (TC) so as to compare it with 
the new Advanced Automatic Train Control (AATC) system. Track circuits, which detect trains 
by electric current flow through the rails, are a traditional railway technology but have been a 
limiting factor in BART line capacity. The AATC improvements, which at completion for the 
entire BART system, will represents a total $100 million investment, is a new technology 
especially developed and implemented to improve BART system capacity, especially the train 
capacity of the Transbay Tube. 


Advanced Automatic Train Control (AATC) 


The BART system already handles 90 million passenger journeys a year, and in the mid-1990s 
projections for traffic growth suggested that BART urgently needed to increase line capacity. 
Critical points on the network are the Oakland Wye junction and the Transbay Tube. Building 
new lines under the Bay would cost many billions of dollars, and the search for a more cost 
effective alternative to permit shorter headways on the existing system pointed to improving the 
control exercised upon every train on the _ 
ee ‘Operating Issues and Concerns: 
Therefore, BART and its contractors begin 
developing AATC in 1994. The new AATC 
system will cut headways and shorten end-to- 


i e oe Reliability and travel times from station area to 
ae Downtown, Peninsula and Eastbay 


end journey times, improving the ability to = @ Travel time would increase between stations 
° .. south and north of 30" Street 

recover after delays andallow BART torunits 

existing service with one fewer trainset. Also, oe New station would affect operating capacity 

with fewer brake-to-power transitions, energy © — _ on BART lines and rider capacity on trains, 

consumption will be reduced. oe especially morning peak northbound trains 


The backbone of AATC is a robust radio ernie oa 
network providing data communication and radio-ranging determination of train location. The 
AATC system communicates vital location data using a radio network rather than inductive wire 
loops, or track circuits, both of which are more traditional methods of train detection. 


(The above description was partially excerpted from Railway Gazette International, as reproduced in Appendix I) 


The following are the assumptions used in conducting the headway simulation of the present 
study: 
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Track Circuit (TC) System Simulation Assumptions 


e All 10-car trains 

e« Maximum train speed of 70 miles per hour (BART designation of “PL2’) 
e Station dwell times of 30 seconds 

e Simulations did not include turnback times at end of line 


e Spacing between trains of 700 feet minimum (as per Sequenced Occupancy Release System 
enabled - SORS is a safety system that assures a minimum distance between trains) 


e All existing track speed limits enforced 


e Station Target Velocity of 36 miles per hour. (Station Target Velocity is the top speed at 
which the front of the train first may enter a station. Under track circuit control this is 36 
miles per hour, that being the closest track circuit speed code available.) 


Advanced Automatic Train Control (AATC) System Simulation Assumptions 


e All 10-car trains 

e Maximum train speed of 70 miles per hour (BART designation of “PL2’) 
e Station dwell times of 30 seconds 

e Simulation did not include turnback times at end of line 

e Minimum spacing between trains of 700 feet not enforced 

e Speed limit defined by maximum track design speed (about 80 mph) 


e Station Target Velocity of 43 miles per hour. (Station Target Velocity is the top speed at 
which the front of the train may first enter a station. Since AATC can send any speed code in 
one mph increments, it can more closely match the optimum station-stop target speed, than 
has been possible with track circuits.) 


Simulation Results 


This simulation analysis addresses only the Alternative ‘A’ basic on-line station for which all 
trains would have to stop. The operational affects of the Alternative “B’ off-line station would 
presumably be less pronounced because not all trains would stop at 30" Street. However, its 
overall analysis would be much more complex. The operational scenarios of Alternative “B’, 
and their advantages and disadvantages have been described qualitatively in the previous 
Section. 


The results of the simulation are included in the tables below as train headways in seconds at 
various stations along the line. Each of the train control alternatives is shown with respect to the 
following operating scenarios, or ‘crush’ definitions: 
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‘Uniterfered Crush’: This criterion is utilized for analysis of scheduled train service. This is the 
minimum scheduled headway resulting when all following trains run end-to-end as though there 
were no other trains on the track (i.e. - as fast as the lead train). Resulting train headways are as 


follows: 


UNINTERFERED CRUSH HEADWAYS 


Track Circuit (TC) Control | AATC 
EXISTING SYSTEM: 


Westbound/Southbound Track | 130.5 sec @ Daly City 128.0 sec @ Daly City _ 


Eastbound/Northbound Track | 142.5 sec @ Balboa Park [123.0 sec @ Balboa Park 


WITH 30" ST. STATION: 


Westbound/Southbound Track | 130.5 sec @ Daly City 129.5 sec @ Daly City 
Eastbound/Northbound Track | 191.0 sec @ 30™ Street 171.5 sec @ 30" Street 


Accordingly, there are increases in headways projected for the San Francisco BART line with 
the introduction of a 30" Street Station. An increase in headways means that passengers must 
wait longer for trains; therefore this is a degradation in service. The results for AATC are the 
significant values as this is the control system that is now being placed into service. The table 
illustrates that the AATC system enables reduction in headways from the pre-existing TC 
system. The results also show that the more significant headway increases are for the eastbound/ 
northbound track 


Comparing the 123.0 vs 171.5-second values in the above table indicates that the 
eastbound/northbound headway increase would be 48.5 seconds, or a degradation of about 39 
percent. 


‘Recovery Crush’: This criterion is utilized to define headways needed to recover from service 
interruptions or delays. Under this criterion, two trains are dispatched 60 seconds apart. The 
lead train is held at each station platform until the following train is forced to come to a complete 
stop behind it. The Recovery Crush Headway is measured as the longest time between train 
departures from amongst all the stations in the simulated segment. The resulting headways are 
as follows: 


RECOVERY CRUSH HEADWAYS 


Track Circuit (TC) Control AATC 
EXISTING SYSTEM: | 
Westbound/Southbound Track | 116.0 sec @ Embarcadero 87.5 sec @ Daly City 
Eastbound/Northbound Track | 110.5 sec @ 24" Street 83.0 sec @ Daly City 


WITH 30° ST. STATION: 


Westbound/Southbound Track | 116.0 sec @ Embarcadero 87.5 sec @ Daly City 


Eastbound/Northbound Track | 143.5 sec @ 30™ Street 124.0 sec @ 30 Street 


The above table shows that there is an even more pronounced improvement from TC to the new 
AATC control. However, the most significant finding is that there is a substantial degradation of 
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about 49 per cent in headways from 83.0 to 124.0 seconds eastbound/northbound with 
introduction of a 30" Street Station. However, no degradation is indicated westbound/ 
southbound. 


‘Steady State Crush’: This is a theoretical index also used to analyze train headways. For this 
index, thirty trains are dispatched 60 seconds apart. The Steady State Crush headway is the 
average time between departures at the last simulated station for the last three trains in the 
simulation. 


STEADY STATE CRUSH HEADWAYS 
Track Circuit (TC) Control AATC 
EXISTING SYSTEM: 
Westbound/Southbound Track | 111.5 sec 89.5 sec 4 
Eastbound/Northbound Track | 114.5 sec 87.0 sec 
1 ea 
WITH 30™ ST. STATION: = |__ 
Westbound/Southbound Track | 113.0 sec 90.0 sec 
Eastbound/Northbound Track | 147.0 sec __| 125.0 sec 


Again, there is a decrease in headways with AATC, but an increase in headways with a 30" 
Street Station. 


Run Times: These are calculated for the travel time between Embarcadero Station to Daly City. 


RUN TIMES 
Track Circuit (TC) Control AATC 

EXISTING SYSTEM: 

Westbound/Southbound Track | 25 min 25.0 sec 23 min 40.5 sec 

Eastbound/Northbound Track | 25 min 62.5 sec 24 min 34.0 sec 
WITH 30" ST. STATION: 

Westbound/Southbound Track | 26 min 33.5 sec 24 min 36.0 sec 

Eastbound/Northbound Track | 27 min 3.5 sec 25 min 32.5 sec 


For the existing system without the new station, the AATC System reduces run times in all cases, 
with a one-minute, 28.5 second improvement on the eastbound/northbound track. However, with 
the 30" Street Station added, the run times are increased in both directions, up to 58.5 seconds on 
the eastbound/northbound track. 


In addition to the above quantitative headway simulation, BART staff previously undertook a 
separate study based on estimating existing available excess line capacity and the potential 
impacts resulting from a 30" Street Station. That analysis is described in the following section. 
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Conclusions Regarding the Simulated Operations Analysis 


The simulation analysis was conducted in terms of train headways, which are the time intervals 
between trains as indicated at various station locations along the San Francisco line. The 
capacity of a line is inversely proportional to train headways. That is, as the time between trains 
increases, the number of trains and hence line capacity decreases, and service is therefore 
degraded. 


Line capacity can be also increased by adding cars to each train or adding passenger capacity 
(i.e. removing seats and increasing standee space) in each car. However, BART trains already 
operate at the maximum length of 10 cars through the Transbay Tube during peak periods. 
Removing seats from the trains would not likely be regarded as a popular or easily implemented 
policy. 


There would clearly be a degradation of BART line-haul service if a 30" Street Station were 
implemented. The most important impact on AATC capacity with the 30" Street Station is on 
the eastbound/northbound track (from Daly City/Colma to the Eastbay). To a large degree, this 
is caused by the downgrade of the track in the area of the new station, which increases the 
stopping distance of the trains going toward downtown. 


Similarly with regard to headway, the 30" Street Station would have the major impact in the 
eastbound/northbound direction, as it becomes the ‘worst’ station on the line in terms of its affect 
on train headways. However, westbound/southbound trains (from Eastbay to Daly City/Colma) 
are virtually unaffected by the 30" Street Station. This is because in that direction, there are 
other stations on the line with more detrimental effects on headways than the proposed 30" 
Street Station. With regard to run times, 30° Street Station impacts the system unfavorably, but 
about equally in both directions. 


In summary, the simulation shows that the magnitude of the degradation would be a major 
setback to the improvement in line capacity achieved by implementation of the new AATC 
system. However, there are various ways to interpret this potential change: 


The most optimistic conclusion would be that the AATC system will make possible the addition 
of a 30" Street Station without a degradation of BART line capacity below that which existed 
previously with the track circuit train detection system. Under this interpretation, however, part 
of the cost of AATC on the San Francisco line should be assigned to the 30" Street Station in 
comparing the project costs to its benefits. 


A more pessimistic interpretation of the simulation findings is that the addition of a 30" Street 
Station would set back BART operations to a condition similar to that which prevailed before 
AATC. If conditions were considered unsatisfactory then, a return to a similar condition in the 
future might be regarded as even more unsatisfactory. 
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As described in previous Sections, the Alternative ‘B’ off-line station might permit some 
mitigation of the elongated headways calculated for through-trains by the simulation, but at the 
price of lesser service to the 30" Street Station itself. 


While the projected increases in travel times of slightly less than a minute may seem minor, any 
increase in rail system travel time is potentially very significant. When train run time is 
increased, a larger number of trains is required in order to support a given passenger capacity. 
For an increase of the indicated magnitude of the simulation an approximate increase of one train 
set of 10-cars would be needed. The equivalent capital costs, based upon $3 million per rail car, 
would thus be about $30 million. In addition, there would also be increased maintenance costs 
for the extra cars, more repair shop space needed, etc. None of these costs have been included in 
the preliminary cost estimate conclusions of this report. 
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10. SYSTEM CAPACITY 


Line Capacity Factors 


A line capacity analysis was conducted to assess the impacts on Transbay capacity of adding an 
infill station. The analysis focused on estimating the available line capacity sufficient to meet 
Transbay demand during am and pm peak hour, peak direction as this is the period which rolling 
stock and resources are taxed to the maximum. 


The analysis approached the problem by determining the magnitude of excess capacity, if any, of 
the Transbay line. It was then assumed that any such excess capacity would be available to serve 
the needed extra service demand of a new 30" Street Station. A further assumption of the 
analysis is that all available trains would be dispatched to support the peak demand. 


AM Peak Hour 


The results reveal that there is sufficient am peak hour westbound line capacity to accommodate 
new riders from downtown San Francisco to points west and south. Since the majority of 
passengers deboard as one of the four downtown stations, westbound trains would not be 
crowded after leaving downtown. However, lacking any ridership estimates of westbound 
Transbay traffic due to a 30" Street Station, it is difficult to analyze if new trips of significant 
numbers might be generated that would impact westbound Transbay capacity. 


It should be noted that am peak hour Transbay capacity is estimated to reach headway limits at 
around FY2012, with 28 trains per hour in the peak direction. Judging by the number of trips 
generated at 24 and Glen Park Stations (only 478 am peak hour trips from the Eastbay in 
FY2010), it is postulated that new ridership generated by a 30™ Street Station from the Eastbay is 
likely to be small. 


The am peak hour eastbound trains carrying passengers from southern points to downtown San 
Francisco may experience capacity constraints between 24™ Street and 16 Street Stations. 
Some lines may be more crowded than others. Since all four routes utilize the main line in the 
eastbound direction, proper load management can effectively spread demand amongst these 
lines. Furthermore, since high-load eastbound trips are relatively short (only a few stations to 
downtown), passengers might be willing to tolerate more crowded trains in that short segment 
than for a longer trip all the way to the Eastbay. 


PM Peak Hour 


Variability in headway as a result of extended dwells and close station distance spacing 
(especially as occurs in downtown San Francisco) has been found to significantly reduce line 
throughput in the pm peak hour. The results shown in the bar diagrams 15-A and 15-B indicate 
that there is approximately 1,380 available Transbay trip capacity for FY2010 and FY2020. 
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FIGURE 15-A 
FY2010 


2010 M Line PM Peak Hour Capacit 
Available Capacity 


Available pm peak hour transbay capacity (passengers/hr): 


Year FY2010 FY2020 


Available Capaci 1,382 2,138 


Although Figure 15-B shows significant eastbound capacity for FY2020 that is available west of 
the major downtown stations, this capacity is needed to satisfy Transbay demand and, therefore, 
should be reserved to meet the greatest demand at the maximum load point station, which is 
Embarcadero. Thus, eastbound Transbay traffic generated by the 30" Street Station, while 
assumed to be low, would have detrimental impact on line capacity to the Eastbay, if it were to 
exceed the available Transbay capacity. 


FIGURE 15-B 
FY2020 


2020 M Line PM Peak Hour Capacit 


Utillaed Capacity 
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Line capacity was also estimated for FY2020. The unconstrained analysis assumed that the train 
control system will be sufficient to handle the required train density to meet rising demand. It 
also was assumed that service levels would not be reduced significantly from current levels, thus 
maintaining a similar level of service. The constrained scenario assumes a maximum train 
throughput of 28 trains per hour, which is the maximum throughput possible with the 
implementation of AATC. This includes an acceptable operating margin to account for delay 
recovery. 


The results indicated that there were approximately 2,140 and 125 available pm peak hour 
Transbay capacity (passengers per hour) for the unconstrained and the constrained scenarios, 
respectively for FY 2020 (see Figure 15A). Since rising ridership would require BART to 
increase service, the service planning model also showed that by FY2020, the unconstrained 
scenario would require BART to acquire approximately 70 new cars to operate the service plan, 
with 49 new cars needed for the constrained scenario. 


Figure 12-B presents the constrained scenario for FY2020. It shows that eastbound pm peak 
hour Transbay capacity demand is at its maximum at Embarcadero Station. Any additional trips 
generated by a 30" Street Station, or any other infill station on the line will be a detriment to that 
line capacity. 


Summary of Findings on Operations 


1. Alternative ‘B’ offers superior operational flexibility and means to recover from delay. It is 
preferred to all the other alternatives studied, especially for the critical eastbound pm peak. 


2. Alternative ‘A’ is not as operationally beneficial as Alternative ‘B’ but nevertheless appears 
to be minimally acceptable from the operations standpoint, subject to further more detailed 
analysis. 


3. With either of the two Alternatives, there will probably be sufficient am peak hour capacity 
in the westbound direction to satisfy demand. 


4, A 30" Street Station (with either Alternative) may contribute to limited capacity constraints 
at 24" and 16" Street Stations in the am peak hour, eastbound direction. However, since the 
trips are short and better load management across the lines may mitigate these effects, this is 
not now considered a serious impact. 


5. New eastbound traffic generated at a 30" Street Station would limit the critical pm peak hour 
eastbound Transbay capacity by FY2020. 


6. A detailed assessment of the impacts of delays to real-time operations can be determined 
only after detailed line simulations of the proposed Alternatives are undertaken. 


7. The provision of turnback capabilities would be beneficial, however, similar capabilities 
might be provided elsewhere at lower cost. 
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11. RIDERSHIP 


Station Patronage 


The only available projections of station patronage were developed in a brief study which was 
prepared by the San Francisco County Transportation Authority in 1998. However, that study as 
excerpted below lacked detailed origin/destination input data, and was based only upon 
demographics. 


Comparative Demographics 


The population within a one-quarter mile radius of 30" and Mission Street is nearly 20,000. This 
is equivalent to a density of about 40 persons per acre. By comparison, the population within a 
one-half mile radius of the BART 24" Street Station is about 35,000, with a density of 65 
persons per acre. Therefore the density at 30" Street is about three-fifths that of 24" Street. 


Zero-vehicle households constitute 11.7 percent of the population near the 24" Street Station, but 
only 8.5 percent of the population near the proposed 30" Street Station. The poverty rate is 
similarly higher for 24 Street compared to the 30" Street location. Those who live near 24" 
Street Station undertake about 25.5 percent of their trips by transit, while those near the proposed 
30" Street Station make only 18.5 percent of their trips by transit. The residents of 24" Street 
make 53 percent of their trips to downtown San Francisco by transit, while 30" Street residents 
make 48 percent of their trips to downtown by transit. 


Current Ridership Levels 


Current ridership at the 24" Street BART Station is 9,500 weekday exits. This is one of the 
highest ridership stations — on the order of Berkeley, 12" Street Downtown Oakland, and Balboa 
Park (which has parking and better transit service) Stations. The ridership at the Glen Park 
Station is 6,300 weekday exits. 


BART Ridership Factors for Proposed 30" Street Station 


e It should be noted that ridership numbers are difficult to estimate accurately without specific 
origin/destination numbers. 


e Using demographic information only, from the areas around the 24" and 30™ Street Stations, 
ridership levels of the proposed 30" Street Station would probably be no higher than 60 
percent of the level of the 24™ Street Station. This ranges up to a maximum of 5,700 
expected riders. However, it is likely that this number would actually be lower because the 
residents around the 24 Street Station are more likely to be of lower income levels (and 
therefore more transit dependent) than those near the proposed 30" Street Station. Because 
of this, the numbers might be only two-thirds to three-quarters of the 5,700 patronage at 24" 
Street, or on the order of 3,800 to 4,300 riders. The ridership numbers might be further 
diminished because of the proximity of the 24" Street Station. On the other hand, patronage 
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might be subject to increase because the 14-Mission, 24-Divisadero, and J-Church MUNI 
lines could function as feeder routes to the proposed station. 


e The 24" Street BART Station ridership might also be subject to decrease because some 
patrons who currently ride the 14-Mission or 67-Bernal Heights buses would disembark at 
30" Street instead of 24" Street. The number of patrons who access the 24" Street Station by 
foot would probably also decline, as some would find the new 30" Street Station more 
convenient. 


e Glen Park BART Station ridership might decline somewhat, but probably not to the extent as 
at 24" Street. This is because 30" Street is closer to 24" Street than to Glen Park, and there 
is hilly topography, which impedes pedestrian travel between Glen Park and 30" Street. 


e Ridership could also possibly attract current automobile users who do not use MUNI to 
transfer to BART, and also possibly residents of new dwellings development that might be 
spurred by the new BART station. Thus it is possible that the percentage of persons in this 
area who commute to downtown by transit would increase by up to 10 percent with a mode 
split similar to the 24" Street area. This could mean that up to 500 riders of the proposed 
station just to the downtown area, would be new BART riders. 


Based on all the above factors taken together, a value of 3,700 to 5,000 riders might be expected 
to use a 30" Mission Street Station. 


Anticipated New Factors 


The above 1998 ridership projections by the San / ldprahip Considerations: 
Francisco County Transportation Authority did not — oe _ Pade Roe EéatiGiac Colin 
anticipate the opening of the BART extension southof = Transportation Authority ridership 
Colma and did not include riders using BART to reach —_ projection: 3,800 — 5,700 

San Francisco International Airport, or Millbrae andthe 


Caltrain connection to points along the Peninsulaandto = *. batiaip. connection at Millbrae 


could add many new riders to 


Silicon Valley. "BART 

In addition, land use changes since that time and as —®_~-Riders expected to be diverted to 
proposed for the future by the City of San Francisco Bt eke Mission MUN Ines 
also need to be assessed to estimate the full ridership = © Station could attract new riders to 
potential of the new station with any degree of | other MUNI connecting lines 
accuracy. sii 


Currently, the San Francisco Planning Department and various neighborhood groups are 
planning to revisit zoning, land use and housing changes in the immediate vicinity of 30" and 
Mission. At the same time, relevant changes are also being proposed for key MUNI transit 
corridors that link to the 30" and Mission site, particularly along the eastern Bayshore and within 
the vicinity of Bernal Heights. The outcome of these efforts would be essential in establishing 
the full magnitude of ridership and benefits that this station could attract, generate and create. 
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12. INTERMODAL CONSIDERATIONS 


BART/MUNI Transfer 


The transfer potential between BART and MUNI at a new 30" Street Station would generally be 
the same for any of the described alternative BART stations and track layouts. Transfer of 
passengers would be via escalator or elevator to the surface street, where MUNI bus routes load 
at on-street stops. The service impact of a new BART station would generally occur in one of 
four ways relating to the existing MUNI routes: 


l.a. Those MUNI routes that run approximately parallel to the BART line, and that already serve 
other existing BART stations, would be expected to lose a very small amount of patronage 
to BART. These routes include the 14-Mission, 14L-Mission Limited, 26-Valencia, 49-Van 
Ness/Mission and J-Church light rail. The presence of a BART station at 30" Street would 
encourage BART passengers with origins or destinations near there, and who presently 
transfer to any of the above MUNI routes, to consider a transfer to MUNI at 30" Street 
instead of their present transfer station. Or some of these passengers may be able to 
completely substitute a BART-only trip instead of their present MUNI/BART combined 
trip. In either of these cases, the MUNI ridership would be reduced, but probably by only a 
very small volume. It would be expected that, given the opportunity, passengers with an 
option would choose to use BART, (assuming equal fare cost) because it is faster than 
MUNI. 


b. It is also possible, however, that the above MUNI parallel routes might regain an even 
slighter patronage due to the improved BART access at 30" Street. This would be due to 
the improved SFO Airport and Caltran connections. Thus the parallel MUNI routes would 
be acting in this role as collector/distributors for BART access. However, the net affect on 
the parallel MUNI routes can still be expected to be small. 


2. For acrosstown MUNI route such as the 24-Divisadero, which presently does not serve any 
BART station and does not generally parallel BART, it would be expected that related 
transfer ridership would increase on both MUNI and BART. This is because the 
opportunity and convenience of transfer would increase the overall performance of transit 
and therefore draw new riders. Indeed, a transfer between BART and the 24-Divisadero 
would be the greatest single intermodal improvement of the proposed project. This is due to 
the large service area of the 24 Line, which extends all the way from the Marina District to 
Hunter’s Point. However, the Hunter’s Point connection would be the most significant 
because all the other northerly neighborhoods along the 24 Line already have more direct 
MUNI routes to existing BART stations. 


3. Fora local shuttle route such as the 67-Bernal Heights line, which already serves another 
BART station at 24™ Street, it would be unlikely that a new 30° Street Station would have 
great impact on ridership. There would be a slight improvement in travel time for 
transferring passengers using the new station, for whom the bus journey would be 
shortened. 
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For those patrons who would be able to substitute BART instead of MUNI for all or part of their 
journey, comfort, reliability and speed would be improved and crowding conditions reduced. 


Parking 


The objectives of this project do not include provision of BART station parking. This is in 
keeping with present BART and City of San Francisco policy, as BART parking in any other San 
Francisco is limited to a small number of spaces at Glen Park Station. Parking impacts of a new 
station would be limited to that resulting from surface street modifications needed to construct 
the new station. These would include possible elimination of some on-street and off-street 
parking during construction. 


But in addition, there is also the potential to improve or increase neighborhood parking as a 
component of, or a byproduct of the station project. Such improvements could range from 
merely widening of the existing narrow on-street parking lanes, up to a major increase in parking 
supply by construction of one or more additional neighborhood off-street parking lots. Such new 
lots could utilize any surface right-of-way that might be obtained for the project and that became 
surplus at its completion. 


Conversely, if the objective is to strictly limit right-of-way obtained for the station project there 
may be no excess right-of-way, and it might be necessary to reduce the present parking slightly 
in order to obtain space for the station entrances or for MUNI bus stops. For example, the large 
Safeway parking lot on the west side of Mission Street may be encroached upon by construction 
and also might be considered as the location for future station entrances. Likewise, the Pizza Hut 
property on the east side of Mission Street, including its parking lot, could be considered as the 
location of a major station entrance incorporated into a joint development. 


Handicapped Access 


With respect to ADA and handicapped patron transfer to MUNI at a new 30" Street BART 
Station, it is expected that few special facilities would be needed on the surface of Mission 
Street. The gradient of Mission Street at the proposed station location is approximately three per 
cent, which is well within the five per cent maximum slope required by ADA for pathways and 
ramps. 


Transfer to the nearest ADA-accessible MUNI Metro J-Line stop at San Jose Avenue is 
approximately 1,400 feet from the proposed 30" Street Station location, and this appears 
impractical for a direct transfer or connecting pathway arrangement. This transit connection 
might be regarded as a redundant route option, because BART-to-J-Line transfer is available at 
other existing BART stations. However, the transfers at Glen Park and Balboa Park Stations 
are circuitous and not handicapped-friendly due to grade changes or length. The transfer at Civic 
Center Station is distant from the proposed station site. Thus the J-line transfer at a new 30 
Street Station could be a net improvement to connect and integrate BART and MUNI Metro, 
especially for the handicapped. 
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Station entrances located along Mission Street and/or on cross streets may be placed in newly 
constructed sidewalk bulb-outs to avoid blockage of the existing sidewalks. Taxis serving the 
station could use MUNI bus stops adjacent to the proposed station entrances in a similar fashion 
as at the 16™ and 24" Street Stations. 


A possible design refinement would offset the station position toward the west to preserve the 
east property line, but this would sacrifice more of the property frontage along the west side of 
Mission Street. Consequentially, post-project redevelopment of these west-side properties at the 
station site might provide additional area for more off-street space for new bus/taxi pullouts. 
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13. COST ESTIMATES 


Basis of the Estimates 


All unit costs in the estimates are representative of contractor bid prices at first quarter of 2002 
pricing levels. Unit rates in the estimates include contractor indirect costs, mark-up and profit. 


BART General Conditions: A five per cent allowance of construction costs has been utilized to 


cover the following types of items: 


Differing site conditions 

Partnering 

Dispute resolution 

Operating system access delays 

Construction safety incentives / disincentives 


Engineer’s office, vehicles and services 


aa ee Se ee SG ee 


Operation and maintenance instructions and personnel training 


City Imposed Conditions: A 10 per cent allowance of construction costs has been included in the 
estimate to cover costs for traffic and MUNI re-routing and restoration costs, and street and 


limited neighborhood upgrades after construction. 


Contingencies: A 25 per cent contingency allowance is included in the estimate. This 
contingency covers design, scope, construction estimating and pricing contingency up to project 


completion. 


‘Soft Costs’: The following line item costs have been included as percentages of the total 


construction costs: 


Pre-project / Environmental! studies 
Preliminary Engineering 
Agency administration 


Community outreach 


i i i Eo a 


Professional services (Engineering, Project Management, & 
Construction Management 


6. Pre-operating expenses (Start-up and Testing) 
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3 per cent 
4 per cent 
5 per cent 
1 per cent 


30 per cent 


2 per cent 


May 2003 


Construction Cost Summary 


Alternative ‘A’ Alternative ‘A’ Alternative ‘B’ 
On-Line Station with Pocket Track Off-Line Station 
Basic 


Construction Elements $227,183,000 $247,346,000 $235,768.000 


Mobilization @ 10% 22,718,000 24,735,000 23,577,000 


BART General Conditions @ 5% 11,359,000 12,367,000 11,788,000 


City Imposed Conditions @ 10% 22,718,000 24,735,000 23,577,000 


Subtotal Construction Cost: $261,261,000 $309,183,000 $271,133,000 


Contingencies @ 25% 65,315,000 77,296,000 67,783,000 


Administration, Engineering and 
Operations (‘Soft Costs’) 


$444,143,000 | $525,611,000 | $460,926,000 


117,567,000 139,132,000 122,010,000 


See Appendix ‘J° for itemized cost listing and the full assumptions utilized for these estimates. 


Exclusions 


The following costs are not included in the estimate: 


1. Right-of-way and other property oo. ; 
acquisition, easements and What Are Other Projects Going to Cost? 
encroachments Selected Bay Area Rail Capital Projects (in millions) 
Community mitigation costs EAN a 
3. Escalation beyond first quarter of ae Caltrain Extension/Transbay Terminal $1,885 
2002 a MUNI Central Subway $647 
. ‘© BART to Warm Springs $634 
4. Schedule impact 4% BART 30" Street Station $445-525 
5. Environmental mitigation and @ BART Oakland Airport Connector $232 
hazardous works ie ore ee a ae 
. : “Source: Metropolitan Transportation Commission 
6. Project insurance Be ee Ee . 
7. Financing and interest during 
construction 
8. Increase in vehicle fleet size associated with operations through the station 
9. Costs of modifying BART central control 
10. Costs of substitute transit service during construction 
11. Multilingual publicity and information programs during construction 
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14. CONCLUSIONS AND NEXT STEPS 


Conclusions 


This study concludes with the following findings: 


The three evaluated Alternatives are each basically feasible 
All the Alternatives are very costly projects 


The defining track gradient limitation of one percent (compared to the existing grade of 
3.12 percent) is a major influencing factor that drives up the cost for a project of this type 


The Alternative ‘A’ basic scheme is least costly 
The Alternative ‘A’ scheme with a Pocket Track Option is most expensive 


Alternative ‘B’ includes the most important benefits and is only marginally more 
expensive than the lesser-cost Alternative ‘A’ 


This would be a very difficult and risky project to construct 
Property and business disruption impacts would be substantial 
Constriction traffic impacts would be significant, but subject to mitigation 


Local access to regional transit via BART at 30" Street would be greatly improved 


e 

° Ridership potential has been estimated at 3, 700 to 5,000 riders, but new factors could 
result in more users. Therefore, an — a 
updated, more comprehensive and ~ 
detailed projection is needed. tee 

ee @ ~ Construction: 

e Alternative ‘B’ offers superior Noise 
operational flexibility and means to =~ —~—_ Transportation disruptions (MUNI, 
recover from delay. It is preferredto traffic & BART) 
the other Alternatives, especially for  =—~CS*é«*“NNigdnt work 
the critical eastbound pm peak es Long term: 

e Alternative ‘A’ is not as Transbay capacity 
operationally beneficial as Gere Changes on traffic patterns & volumes 
Alternative ‘B’ but nevertheless =. Risk: 
appears to be minimally acceptable ss Major service disruptions 
from the operations standpoint Construction hazards 

¢ A 30" Street Station (with either  ———~*«ésS Fac” 
Alternative} may contribute to oe fi 
limited capacity constraints at 24 and 16" Street Stations in the am peak hour, 
eastbound direction 

e With Alternative ‘A’ train headways would be increased by up to 49 per cent with 
corresponding reduction in line capacity 
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e With either of the two Alternatives, there will probably be sufficient am peak hour 
capacity in the southbound/westbound direction to satisfy demand 


e New northbound/eastbound traffic generated at a 30" Street Station would limit the 
critical pm peak hour eastbound Transbay capacity by FY2020 


e Operational benefits of a turnback can be provided, however, such capabilities are being 
reviewed on a systemwide basis and might be provided elsewhere at lower cost 


e Improvements to MUNI transfer and local transit would be minimal because most MUNI 
lines in the vicinity already interface with BART elsewhere 


e The 24-Divisadero MUNI line would benefit the most by having a 30" Street BART 


connection 


e Transit choices and handicapped access would be improved 


e The potential for neighborhood beneficial improvements might be substantial, but its 
description and analysis was outside the scope of this study 


e The potential for joint development would be potentially important but its description and 


analysis was outside the scope of this study 


Next Steps 


If this project is to proceed, certain steps would need to be undertaken. First of all, this report 
should be circulated and reviewed by those who have an interest in the project. 


A community planning effort may be warranted if 
the City and County of San Francisco chooses to 
take (and sponsor) any next steps. A _ project 
manager may be selected to lead efforts. Also, there 
is the possibility to appoint one or more standing 
committees to oversee the project. These might 
include a governing board of elected officials, and/or 
a citizens advisory committee and a technical 


advisory committee of professional planners, ae a Involve collaboration of BART & 


~_. City of San Francisco Agencies 


engineers, architects or officials. 


Ongoing lines of community-based communication 
and review would need to be established by the 
sponsoring agency with BART, MTC, and City 
departments such as MUNI, City Public Works 
Department and the Transportation Authority. 
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What Happens Next? 


: se ‘© Community feedback & 
_ acceptance of report 


- © Possible Community Planning 


~~. effort 


~_ (MUNI, DPT, Planning, 
‘Transportation Authority) 


May 2003 


A further technical development process would need to be defined and pursued. At the same 
time, a community and policy-making consensus might be encouraged through a process of 
outreach, involvement and discussion. Additional technical and economic studies would need to 
be undertaken, possibly including, but not limited to the following: 


e Update ridership projections. Improved transit ridership estimates would be critical to 
evaluating the value of this project, and the presently available ridership projections have not 
been updated beyond the 1998 rough estimates by the San Francisco County Transportation 
Authority. 


Those estimates did not have adequate origin/destination data and did not anticipate several 
very important factors, such as the SFO Airport connection, that have materialized since 
then. In addition, land use changes since that time and as proposed by the City would have to 
be assessed to estimate ridership potential with any degree of accuracy. 


The outcome of an effort to fully quantify these factors would be essential in 
establishing the magnitude of ridership that this station could attract and generate. 


e Continued definition and ranking of all the available alternatives. 


¢ More detailed operational evaluations, especially of the more complex modes of use of 
the off-line station (Alternative ‘B’) option. 


« Focused studies for various engineering elements, especially tunneling and geotechnical 
aspects. 


¢ Detailing of station configuration and property requirements. 


e Preparation of more detailed and accurate capital and operating cost estimates and value 
engineering studies. 


e Possible companion studies to address with specificity, potential neighborhood 
improvement projects and jomt development opportunities, including transit oriented 
development and ‘transit village’ sites. The latter would be important as an impetus to 
increase the benefits to be expected from the project and for ‘value capture’. 


e More wide-ranging cost/benefit evaluations so as to establish the project as eligible to 
meet the BART system expansion criteria and also to qualify for outside funding 
sources. 
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System Expansion 
Criteria and Process © 


Adopted by BART Board - 12.5.02 


System Expansion Policy 


Introduction 


Over forty years ago, residents of the Alameda, Contra Costa and San 
Francisco Counties supported the creation of the BART District. Since 
that time, BART has become a critical component of the region’s 
transportation system. 


Today the pressures of growth in the Bay Area continue. Accommodating 
this growth continues to drive further dispersal of jobs and housing. At the 
same time, BART and other transit systems demand a continued level of 
reinvestment to maintain service. Finally, financial support for BART and 
other transportation systems must compete with their infrastructure and 
social needs. It is imperative that BART, as a steward of public funding 
for transportation investments, continue to: 


‘Ensure cost-effective transportation investment decisions; 

‘Protect the taxpayers’ investment in the District’s physical infrastructure; 
‘Ensure the financial health and sustainability of the District; and 
‘Enhance the Bay Area’s environment and quality of life. 


It is with these considerations that the BART Board adopts the following 
Project Advancement Criteria and Process for all System Expansion 


projects. : 


Project Advancement Process 


Legend 


Ridership Development Plan Environmental 
(Comprehensive Station Plan) Review 


‘Station Area Development 
‘Station Access 
‘Station Capacity & Functionality 


Project 
Implementation 


Project Advancement Process 


Stage 1 
> Strategic Opportunity Assessment 
@Initial planning assessment of transit Sanson. epeorumies 
@Level of effort commensurate with funding availability for Stdy 
OMe include several planning efforts before project recommendation brought forward to the 
oar 


> Project Advancement 
Staff uses study reports to evaluate a project against the criteria and decides whether to 
recommend a project for advancement to the next stage 
@Board considers staff recommendations and decides whether to advance project 
recommendation to the next stage for further study 


Stage 2 

» Ridership Development Plan 
@® Work in partnership with local jurisdictions to develop a Memorandum of Understanding 
a dayine out coordinated timelines for transit project Environmental Review and the 

idership Development Plan process _ oa : 

@® Work 1n partnership with local jurisdictions to achieve transit ridership thresholds by 
balancing transit-oriented development (TOD) and access goals with community desire; seek 
commitments from local jurisdictions regarding land use and access plans 


>» Environmental Review 
‘CEQA and/or NEPA environmental review process (as applicable). 


>» Project Advancement 
Ridership Development Plan prepared concurrently with Environmental Review and brought 
forward to the Board 
@Staff uses both documents to evaluate project with the criteria and decides whether to 
recommend a project for advancement 
@Board considers staff recommendations and decides whether to advance project to the next 
stage 


Project Advancement Criteria 
Transit Supportive Land Use and Access 


‘Existing Land Use: Residential and/or Employment 
‘Existing Intermodal Connections 
‘Land Use Plans and Policies 


Ridership Development Plan 
‘Ridership Threshold 
‘Station Context 


Cost-Effectiveness 
‘Cost per New Rider: Base Case 
‘Cost per New Rider: with TOD 
‘Cost per Transportation System User Benefit 


Regional Network Connectivity 
‘Regional Transportation Gap Closure 

System and Financial Capacity 
‘Core System Improvements 


‘Capital Finance Plan 
‘Operating Finance Plan 


Partnerships 
‘Community and Stakeholder Support 


Metrics for Staff 
Recommendations _ 


PROJECT STATUS 


Strategic Bwironmental Clearance! 
Opportunity Rickership Development 
PROPOSED CRITERIA Assessment Plan 
Transit Supportive Land Use and Access ee ee) 
Existing Land Use: Residential and/or Employment 
Existing Intermodal Connections 
Land Use Plans and Policies 
Ridership Development Plan (Comprehensive Station Plan) DS te pete foe ee ee 
Ridership Threshold MWK, | 
Station Context MMR?W. MH 
Cost Effectiveness 
Cost per NewRider. Base Case | L/L | L/L 
Cost per NewRider. with TOD 
Cost per Transportation SystemUser Benefit —D—>DWWWow LéALM/NUMH/H 
Regional Network Comiectivity 
Regional Transportation Cap Closure 
Core System Improvements 
Capital Finance Plan 
Operating Finance Plan 
Partnerships Pee eee ed 


Community and Stakeholder Supp ort 


ULM /M/MH/H L/LM/MsMH/H 


Rating Legend 
L: Low LM: Low-Medium M:Medum MH: Medium High H: High 


Transit Supportive Land Use and Access 


Existing Land Use: 
Residential 


Residential Density 
(units per gross acre) 


Medium- 
Low Medium | Medium High 


5-9 10-14 15-24 
<15 16-25 26-45 46-75 

<2,500 | 2,501-5, | 5,001-7, | 7,501-12 
000 500 500 


< 1,800 1,801-3, 3,601-5, 5,401-9, 
600 400 000 


> 25 


Residential Density 
(units per net acre) 


Total Units w/i 1/2 mile 
radius 


> 12,500 


Estimated Trips at 30% 
mode share** 


> 9,000 


* Residential units within % mile radius of stations 


** Estimated trips (two-way) based on 1.2 workers per household. 


Examples of Residential Density 
within I/2 mile radius of BART Stations 


Low- Medium- 
Low Medium Medium High High 
Net North MetroWalk Strobridge Court Coggins Square Gaia Building 
Berkeley Richmond Castro Valley Pleasant Hill Berkeley 
BART BART BART BART BART 
(10+ du/a) (20+ du/a) (41 du/a) (58 du/a) (250 du/a) 


Gross* Orinda Rockridge Ashby 16th Street 


Civic Center 
(2 du/a) (9 du/a) (11 du/a) (22 du/a) (42 du/a) 


pms} 
Kt 


BY a a 


* Dwelling Units per Gross Acre within 1/2 mile of station (Cervero, 1990) - 


Transit Supportive Land Use and Access 


Existing Land Use: 


Employment 


Employment Density 
(employees per gross acre)* 


Million Sq. Ft. of 
Commercial Space w/i 
¥2 mile radius 


Total Employees w/i 
1/2 mile radius 


Estimated Trips at 10% 
mode share** 


Low- 
Medium 


_ 


1.7-3.3 


5,100-9, 
900 


1,000-2, 
000 


* Employment within 1/2 mile radius of stations 


Medium 
21-50 


3.4-8.3 


9,901-24| 
,900 


2,001-5, 
000 


Medium- 
High 
51-100 


8.4-16.6 


24,901-4 
9,800 


5,001-10 
,000 


** Estimated trips (two-way) based on 3 employees per 1,000 square feet. 


High 
> 100 


> 16.6 


> 49,800 


> 10,000 


Examples of Employment Density 
within 1/2 mile radius of BART Stations 


Low Low- Medium- 
Medium Medium High High 


Gross*  UnionCity Walnut Creek Berkeley 19th Street Montgomery 
(2) (19) (24) (65) (234) 


* Employees per Gross Acre within 1/2 mile of station (Cervero, 1990) 


Transit Supportive Land Use and Access 


Existing Taiwe 
Intermodal Low 


Connections Medium 


Pedestrian 


Medium High 


Bicycle 


Transit 


Pedestrian 

-Comprehensiveness of Pedestrian Network 
‘Safe Access to Station Sites 

‘Topography 

Bicycle 

‘Bicycle Network Connectivity 

‘Existing Bicycle Usage 
‘Comprehensiveness of Bicycle Network 


Transit 

‘Peak-Hour Transit Routes 

‘Peak-Hour Routes w/ Headways 15 Minutes or Less 
‘Evening & Weekend Routes 


Transit Supportive Land Use and Access 


Medium | Medium High 
-High 


Low- 
Medium 


Land Use Plans 


and Policies Qualitative Assessment 


Growth Management Concentration of development around established activity centers and 
regional transit 


Transit Supportive Plans and policies to increase corridor and station area development 


Corridor Policies Plans and policies to enhance transit-friendly character of station area 
development 


Commitment to inter-jurisdictional consensus on land use 


Supportive Zoning Zoning that increases development density in transit station areas 


Regulations Near Zoning that encourages mixed-use development 

Transit Stations Zoning that enhances transit-oriented character of area, and pedestrian access 
Zoning that reduces parking and traffic mitigation 

Tools to Implement Community outreach in support of land use planning 


Land Use Policies Regulatory and financial incentives to promote transit support development 


Ridership Development Plan 


(Comprehensive Station Plan) 


Ridership 
Threshold* 


Low- Medium- 
Medium High 


<5,000 5,000- 10,000- 14,000- 
299 133990 20,000 


% of BART per mile capital costs 


Medium High 


>20,000 


Other Rail 
Technology 


Express 
Bus/Bus 
Rapid Transit 


% of BART per mile capital costs 


Includes: 

- Station Area Development 

- Station Access 

: Station Capacity & Functionality 


"= Thresholds based on corridor-wide station average for daily trips to and from 
(entries and exits) new stations in horizon year with planned transit-oriented development 
and access improvements 


Ridership Development Plan 


(Comprehensive Station Plan) 


Station Context 


Low: Station location that would not support transit-oriented development and that 
would negatively affect the quality of the station experience for patrons (i.e. freeway 
median) 


Medium: Station location with good potential for transit-oriented development and an 
acceptable station experience for patrons 


High: Station location that already has or would greatly facilitate transit-oriented 
development and would provide a good experience for patrons (i.e. downtown 
locations) 


10 


Cost Effectiveness 


Cost per New Rider 
- Base Case 


Cost per New Rider 
- with TOD 


(Costs in 2002 dollars) 


>$40.00 


Low 


>$40.00 


Low- 
Medium 


Medium 


Medium- 
High 


40.00 25.00 15.00 
Low- . Medium- 
Medium Nevo High 
$25.01- $15.01 — | $10.00 - 
40.00 25.00 15.00 


High 


<$10.00 


High 


<$10.00 


Cost Effectiveness 


Medium- 
High 


Low- 
Medium 


Medium High 


Cost/Transportation | TBD 
System User Benefit 


The cost effectiveness — transportation system user benefits measure is defined as a multimodal 
measure of perceived travel time for all transportation system users in the forecast year, divided by 
the recommended cost of the project. The new measure de-emphasizes new riders and instead 


measures the benefits for users changing modes as well as existing transit riders and highway users. 


The cost effectiveness — transportation system user benefits measure will be phased in over time, 
becoming effective on September 1, 2001. 


Federal Transit Administration — Frequently Asked Questions on New Starts Final Rule 


12 


Regional Network Connectivity 


High 


Regional 
Transportation 
Gap Closure 


Qualitative Assessment 


Assess the interconnected relationship of the transit expansion project and the existing 
transportation network, identifying opportunities for major gap closures (i.e., airport, inter-city 
rail, commuter rail, light rail). 


13 


System and Financial Capacity 


Core System 
Improvements 


Low aceell High 


Qualitative Assessment 


Enhances (at best) or minimizes demands on core system: 


¢  Yard/Support Facilities 


¢ Redundancy/Recovery Capabilities 


¢ Station and Line Haul Capacity 


System and Financial Capacity 


Medium High 


Capital Finance 


Plan* Qualitative Assessment 


* Capital Finance Plan rating based on: 


1) A fully-funded project; 

2) The stability, reliability and availability of proposed funding sources; and 

3) Funding sources not competing with those that can be used for BART 
System Renovation and Core System Capacity needs (i.e. RTP/CMAQ or RIP). 

4) For projects outside the District - funding sources not competing with 
those that can be used for District extensions. 

5) For projects outside the District - core system improvements are funded in 
the Capital Financial Plan for the project. 

6) For project inside the District - core system improvements are funded in a 


parallel financial plan. 


15 


System and Financial Capacity 


Operating Finance 
Plan* 


* Operating Finance Plan rating based on: 


1) Estimated farebox recovery (Low: <30%; Medium: 30-50%; and High: 
>50%); 

2) The stability, reliability and availability of proposed operating subsidy. 

3) For projects outside the District - funding sources that do not draw on, or 


risk the use of, District operating revenues. 


16 


Partnerships 


Community and 
Stakeholder 
Support 


Qualitative Assessment 


Community Support ¢ Degree of Support 


Stakeholder Support ¢ Degree of Support 


APPENDIX B 


CITY OF SAN FRANCISCO TRAFFIC DATA 
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Mission St. South of Cesar Chavez St. 
Monday, February 26, 2001 
North Bound 


HOUR ---- QUARTER HOUR ---- HOUR EACH * REPRESENTS 35 VEHICLES 
Cc? DAY ist 2nd 3rd 4th TOTAL A DASH MEANS HOUR VOLUME < 18 
12 AM 33 34 40 28 135 deb Sk 
1 AM 22 23 15 43 103 *e* 
2 AM 33 22 16 7 78 «* 
3 AM 15 18 14 13 60 igi 
4 AM 20 23 19 16 68 ok 
5 AM 23 33 53 50 159 | ke kk 
5 AM 57 71 88 113 329 Kk RR 
7 AM 124 179 235 256 794 errr rr Se eee ee ee ee 
3 AM 247 248 236 179 310 EKER EEK ER REE 
7 AM 168 147 138 123 576 Fee ee ek ee ee ee 
a.) AM 154 125 119 125 553 Hee eR ee 
1i AM 119 143 134 152 548 RRR KEKE KEK KEK 
: 2 PM 145 166 153 163 633 eS ee ee 
L PM 163 130 154 163 610 EK KEE KE 
2 PM 187 168 135 149 639 Bet ER 
3° PM 175 148 178 182 683 eK ER 
1 PM L161 176 166 L721 674 Sek ee ER REE 
5 PM 189 164 166 173 692 BRI I IO IO ee ee 
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°M 117 Ld 104 L13 445 Kk RK RRR EE 
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7) PM TS 80 69 66 290 KK KKEE 
. Lt PM 60 70 AT 48 225 eK EK 


TOTAL VOLUME IS 10,668 VEHICLES. 


.JAK HOURS: , 
MORNING PEAK HOUR VOLUME OF 987 BEGINS AT 7:45 AM ( 9 % 
EVENING PEAK HOUR VOLUME OF 702 BEGINS AT 4:15 PM ( 7 % 


DATA COLLECTION BEGAN AT 3 pm ON SUNDAY,FEBRUARY 26, 1928. 
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Mission St. North of Cesar Chavez St. 
Monday, February 26, 2001 
= South Bound 


HOUR ~--- QUARTER HOUR ---- HOUR EACH * REPRESENTS 25 VEHICLES 


OF DAY ist 2nd 3rd 4th TOTAL A DASH MEANS HOUR VOLUME < 13 
12 AM 42 40 42 39 163 ee 
1 AM 29 30 27 36 122 ERE 
2 AM 25 20 23 10 78 aka* 
3 AM 11 8 15 17 51 *¥* 
4 AM 5 14 15 13 47 xe 
5 AM 22 17 29 30 98 ke 
6 AM cee 46 Sy 61 195 eR RR KEK 
7 AM 52 69 81 72 274 RRR EKK KKK EK 
8 AM 84 93 Lil 101 3389 FIO KIO IO KR RR Rk 
9 AM 97 80 80 91 348 Ke KR KE 
10 AM 107 90 101 113 411 KR RE RR K 
11 AM 91 117 114 83 405 FOO II kk 
12 PM 121 142 134 117 514 FORO RI EK KR REE 
1 PM 143 141 139 111 534 KKK KK RIOR RIK KOK Ik 
2 PM 127 132 141 106 506 KK RR RR ARE 
3 PM 132 146 139 150 567 TS TCLS CSCC LSE Te TT ee 
4 PM 123 153 148 158 582 aes 
5 PM 147 186 174 163 670 ORK KK KR KK RK KE 
6 PM 166 150 133 117 566 FIO IO IR IIR RK 
7 PM 113 105 99 105 422 RIK IK RR RK 
“OM. 95 81 73 96 345 FOI Ik ke 
> &M 104 91 55 59 309 ee. Sf. er es 
10 PM 73 64 60 54 251 ke 
11 PM 40 48 42 43 173 kk kk ke 


TOTAL VOLUME IS 8,020 VEHICLES. 

PEAK HOURS: 
MORNING PEAK HOUR VOLUME OF 435 BEGINS aT 10:45 AM ( 5 $%) 
EVENING PEAK HOUR VOLUME OF 689 BEGINS AT 3:15 PM { 9 %) 


DATA COLLECTION BEGAN AT 2 pm ON SUNDAY, FEBRUARY 26, 1928. 
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3. TURNING MOVEMENT COUNT DATA 


3.1 Data Collected 


The turning movement counts were carried out in order to determine both through movements 
and turning movements at various intersections within the Study Area. This information is 


required in order to: _ 


¢ establish the functional classification of the street; 
* assess the suitability of appropriate traffic calming measures; and 
* evaluate the project effects and impacts. , 


The counts were undertaken at locations where the working group expressed coficerns about 
pedestrian safety, cut-through traffic and localized congestion. The surveys were conducted 


during the months of March, April and May 200! between 7:00 AM and 9:00 AM 


(the morning 


peak period), and 4:00 PM and 6:00 PM (the evening peak period). 


3.2 Data Collection Results 


The results of the intersection survey counts for the peak hour periods are illustrated 
geographically on Figures 3.1 and 3.2; while, the volumes along the main roads within the 
Study Area are summarized in Table 3.1. 


Table 3.1: Summary of Peak Hour Volumes 


Street 
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Street Between 


Data Report 
AM Peak Hour 
WO-Wa 


PM Peak Hour 
|CosoAve | Elsie St. ~— | BonviewSt | SCT 20s” 
| Just Drive | Benton Ave | AlemanySt | 342i 88SC*d 
| Crescent Ave | Mission St | LeslieSt_ — | SC 4O7—s—“ (é$s | CC*d’ 
| Cortland Ave | Mission St_ | Coleridge Sti] SC OD—“C(éiézLC(‘(‘CSS *CC/OC;*#*C*S 


A summary of the main findings of the survey data is provided below: 


« during both the morning and evening peak periods Cortland Avenue was the busiest street 
within the Study Area. The busiest section of this street was between Andover Street and 
Moultrie Street with 778 vehicles in am peak and 821 vehicles in the pm peak. 


* analysis of the directional distribution during the am peak hour along Cortland Avenue 
shows that between Andover Street and Bayshore Boulevard 60% of the traffic was 
eastbound; while, between Andover Street and Mission Street 55% of the traffic was 
traveling westbound. During the pm peak the following directional patterns were displayed, 
51% of traffic between Andover Street and Bayshore Boulevard was westbound increasing 
to 60% between Andover Street and Mission Street. 


° the busiest intersection within the Study Area, during both peak periods, was Cortland 
Avenue and Andover Street the total number of vehicles making manoeuvres was 942 and 
842, for the am and pm peak hours, respectively. 


e tuming movement counts were undertaken at all the streets within the Study Area that 
intersect with Mission Street. The purpose of these counts was to identify the level of cut- 
through traffic that uses the local streets instead of the two main collector streets (i.e.: 
Cortland and Crescent Avenue). Interpretation of the intersection count data shows that the 


only local streets within in excess of 200 vehicles per hour were Murray Street and Virginia 
Avemue. 


3.3 Conclusions 
Excessive traffic volume in residential areas is associated with queuing, aggressive driving and 
cut-through traffic. During the outreach effort the community had expressed concerns about 
traffic levels on several streets within the Study Area. However, the results of the traffic survey 
demonstrate that volumes are generally light. The only streets where the level of traffic seems 
inappropriate for their respective function were: 
e the intersection with Murray Street and Mission Street; 
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5, ACCIDENT DATA OBTAINED 
5.1 Data Collected 


The DPT provided a detailed collision database for the Bernal Heights area. The database 
contains collision information from 1995 to 1999. 


5.2 Data Collection Results 


The collision data was processed and separated into three categories; Pedestrian Collisions, 
Injury Collisions, and Total Collisions. 


5.2.1 Pedestrian Collisions 


Pedestrian Collisions are collisions that involve a pedestrian and one or more vehicles. The ten 
intersections with the most pedestrian collisions are summarized in Table 5.1 and are discussed 
below. 


Table 5.1; Pedestrian Collisions (1995 — 1999) 
Number of Pedestrian Collisions 
Cortland Ave and Mission St 8 
Eugenia Ave and Mision i a 
Virginia Ave and Mission St 4 
3 | Richland Ave and Mission §€_—_] 
3 
3 


|S__| Cortland Ave and Ellsworth St 
5 Godeus St and Mission St 

Marray St and Mission St Pe ee 
5 Crescent Ave and Alemany Blvd 3 

2 Cortland Aye and radioed St J? 
9 Cortland Ave and Andover St 2 


The intersections along Mission Street comprised 60% of the top 10 pedestrian collision 
locations and intersections along Cortland Avenue comprised 30%. Alemany Boulevard was 
only sited once in the top ten. 

§.2.2 Injury Collisions 


Injury collisions are collisions that result in an injury to either a vehicle occupant and/or a 
bystander. The top 10 intersections with the most injury collisions are Summarized in Table 5.2. 


Table 5.2: Injury Collisions (1995 — 1999) 


Number of Injuries 
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[s___| Richland Aveand Mission StS SC 
9 ___| Virginia Ave and Mission St | __ 12 
[10 | Highland Ave and Mission St___——+| SS 


Analysis of the data shows that the intersection of Crescent Avenue and Alemany Boulevard is 
tanked number one in the top 10 injury collision list. The intersections along Mission Street 
comprised 70% of the top 10 injury collision list. 


5.2.3 Total Collisions 


Figures 5.1 and 5.2 show the total collisions over the 4-year period at each intersection in the 
Study Area; while, the 10 intersections with most reported collisions are summarized in Table 
5.3. 


Table 5.3: Total Collisions (1995-1999) 


ank Locations 

Crescent Ave and Alemany Blvd 
Fair Ave and Mission St 
Ellsworth St and Alemany Blvd 
Eugenia Ave and Mission St 
Cortland Ave and Mission St 
Virginia Ave and Mission St 
Murray St and Mission St 
Folsom St and Alemany Blvd 
Richland Ave and Mission St 


|9 | Highland Ave and Mission St 


Number of Collisions 


i E 
tn 


ry -_ 
~~ 


: 
N 


| 
nA 


Interpretation of the survey results show that the intersection of Crescent Avenue and Alemany 
Boulevard had the most collisions in the Study Area between 1995-1999. The intersections 
along Alemany Boulevard comprised 30% of the top 10 and intersections along Mission Street 
comprised 70% of the top 10. 


5,3 Conclusions 


Interrogation of the DPT accident database showed that the intersections along Alemany 
Boulevard and Mission Street accounted for over 50% of all accidents in the Study Area. There 
were also a high number of recorded pedestrian accidents along Cortland Avenue — this issue 


will need to be addressed during the development of the traffic caloung plan. 


This accident trend illustrates that the highest numbers of accidents generally occurred at 
locations with relatively high traffic volumes and pedestrian movements. This pattern is normal, 
as a greater number. of conflicts occur at locations with higher volumes of both traffic and 
pedestrians. 


The one exception to this trend is Patton Street, which has Telatively low flows of traffic and 
pedestrian. However, over the four-year period investigated there have been 5 recorded 
accidents, between Highland Avenue and Appleton Avenue. All the 5 accidents were vehicle 
oriented; therefore no pedestrians or bicyclists were injured. Further analysis of the database 
shows the reasons for this anomaly: 
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tn BG 


Proposed In-Fill Station Criteria 30" St: 


. Maximum track gradient, 1.5% 
. Because of maximum track gradient requirements and constructability issues, station 


must be off-line. 


. Provide turnback and double-ended pocket track for operating sebily 
. Provide dispatch capability to the South 
. All vertical circulation.elements (i.e. stairways, elevators, and escalators) must touch 


down on platform with gradient that does not exceed 1.5%. Vertical transitions to off- 
line platforms from the main line may encroach in platform areas beyond the central 
touch down space reserved for vertical circulation elements. This encroachment shall 
not exceed 150’ from the ends of station. 


. Allow two-way traffic on an off-line center pocket track configuration if station 


pocket has double wishbone track connections and overlapped interlockings designed 
to preclude unsafe train movements. 


. In addition to provisions for turnback facilities, consider providing a bad order/ hold 


track that does not interfere with normal train operations. 


. Maximum track gradient for short vertical track transitions to off-line platforms shall 


be 4% in the normal uphill direction of train movement and 5-1/2% in the normal 


_ downhill direction. 
9. 


Turouts to off-line station platforms and/or pocket tracks shall be #15 std. And 10 
Eq. (36MPH) 


10, Station concepts must be constructable under conditions acceptable to BART 


operations. 


11. BART operating moves may include the following: 


a. Train by-pass (skip stop) 

b. Turnback 

c. Off-peak or bad order hold (10 cars) 
d. Single tracking for maintenance 


12. Concept shall consider and discuss impacts on BART a a operations and 
extensions planning. 
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PROJECT: 30" AND MISSION STREET STATION, SAN FRANCISCO Date: 7-20-01 
CONTRACT NO. / WORK ORDER NO.:: - - - -------------- Due Date: 7-20-01 
SUBMITTAL#: TRANSMITTAL #01 Sheet: 1 of _7_ 


Document: 30" AND MISSION STREET INFILL STATION STUDY 
Reviewer: R.AVERY / M.CHIU /J.GARCIA/H.S.AGROIA Discipline: ENGINEERING Discipline Chief: Colin McDonald 


What is the maximum gradient for station | The desirable gradient through stations is zero. The maximum 

platforms? Gradient for an on-line gradient shall be 1.0% through stations per Design Criteria 

station at 30th Street would be 3.12%. volume | Civil Section 3.8. 
ADAAG Requirements/Regulations: Refer to two attached files 
(30thsta8.mim & 30thsta9.mlm) from Jeff Garcia on the subject. 
From an ADA standpoint we need to maintain a constant grade 
along the platform. ADA requires that the platform be level. It 
defines level as a maximum gradient of 1:50 (2.0%) on a 
constant plane in any direction. However, to allow for platform 
drainage, the platform should also have a cross-slope within 
these requirements. If a std. cross-slope of 1.5% is used, the 
corresponding maximum allowable longitudinal slope is then 
1.322%. We could theoretically maximize the longitudinal 
gradient and still be within ADA compliance (i.e. 1.0% cross- 
slope and 1.732% longitudinal slope), however then we'd have 
to also look at potential vehicle slippage and other issues 
caused by steeper slope, however minor it may appear. (Most 
existing BART stations are constructed on a 0.0% slope.) 
Needless to say, an on-line station with a grade of 3.12% would 
not be allowed under the ADA. 
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Reviewer: R.AVERY / M.CHIU /J.GARCIA/H.S.AGROIA Discipline: ENGINEERING Discipline Chief: Colin McDonald 


Should the station be developed as an on-line 

or off-line facility? 
This will unneccessarily decrease line reliability to 
meet schedule. 
An existing on-line station (24 Street @ Mission) is 
only 0.6 miles from this location. 


How would an on-line or off-line station effect An on-line station will increase run / schedule time by 

train operations and scheduling? about 1 to 2 minutes which may require adding one or 
two trainsets (10 to 20 cars) depending on the 
characteristics of each service route. An off-line 
station would really only work in this location if it was 
turnback with a double-ended pocket track. This 
would help service reliability by enabling BART to run 
a service ending at 30th Street. 
Also refer to Rudy Crespo (Transportation). 


Should the off-line station be developed as a It should have a double-ended pocket track long 
stub end terminal or through routed? enough for a 10 car train with short straight sections 
on the pocket track beyond the switches. 
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PROJECT: 30" AND MISSION STREET STATION, SAN FRANCISCO Date: 7-20-01 
CONTRACT NO. / WORK ORDER NO:: - - --------------- Due Date: 7-20-01 
SUBMITTAL#: TRANSMITTAL #01 Sheet: 3 of _7_ 


Document: 30 AND MISSION STREET INFILL STATION STUDY 
Reviewer: R.AVERY / M.CHIU /J.GARCIA/H.S.AGROIA _ Discipline: ENGINEERING Discipline Chief: Colin McDonald 


Is this a desirable location for a future Not for regular service, but yes for "shoulder" service or rush 
turnback facility? What are the related hours only. Pocket track should ideally be lower than any 
requirements for pocket track length and track it is connected to so that in the event of an accidental 
gradient? Can the pocket track be brake release it does not run into the mainline tracks. 
constructed on a curve? Schaefer Ranch Rd. Pocket Track on DPX has horiz. & 
vert. curves and is at 2% grade per Contract O8YI-110 page 
nos.24 & 25. Center Spur (MC) at north of Daly City Sta. 
was 570’ long on a 1000’ radius curve per Contract 1M4072 


Is it possible to utilize a single platform No, absolutely not with the headways we are running. 
station with two-way running and inbound/ Also, refer to Rudy Crespo (Transportation). 
outbound crossovers? 


7 What is the maximum gradient that a 3.76% per Contract 124483 page 485 (1K0061 page 21). 
turnout can be installed on? This is the max. grade used in the system. 
Turnouts are not permitted on vertical curves. 


What is the maximum gradient for tangent 4.0% per Design Criteria volume | Civil Section 3.5.4.1. 
running tracks? 


a 
What is the maximum gradient allowed into | This will be an exception to the Design Criteria volume | Civil 
and out of the station for train operation? Section 3.8. 
The grade should match the station grade 200 ft beyond the 
limits of platforms. 
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Length: Refer to Design Criteria volume | Civil section 3.6.2 


for information. 
Rate of Change of Grade: Refer to Design Criteria volume | 


Civil Section 3.6.3 for information. 


What are the length and gradient change limits 
for vertical curves? 


It will be very hard to build the track and platform in parallel 


Can a portion of the station be constructed on 
changing planes. These MUST be accurately done in order 


a vertical curve? If so, how much? 


to meet ADA requirements for train to platform elevation 
differences to be within plus or minus 5/8 inch. 

The north end of 19" Street Oakland Station is on a portion 
of vertical & horizontal curves for approx one car length, and 
has restraining rail per Contract 1k0015, drawing nos. CTS & 
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Refer to Design Criteria Volume IIIA. 
Stair width = 5’-6”, per Section 3.2.5.2A. At the minimum , it should be at least 44” 
wide, however 5’-6 is more desirable for egress. 

Escalator width = 4 feet, per Section 3.2.4.1B. ADAAG requires that escalators have a 
min. clear width of 32 inches. 

Platform width: The minimum clearance from the platform edge to a continuous 
obstruction (wall, guardrail, etc.) shall be 8 feet, per Section 3.1.1D. Refer to PUC 
Criteria dated 3/1/89 for Occupant Load, Emergency Egress & Total Exit Time etc.. 
Platform width must permit two trains (one in each direction) of one thousand people to 
be discharged onto it concurrently with 500-1,000 passengers already there without any 
exiting. The stair widths must allow these passenger to be discharged in 4 minute up 
the stairs & 6 minutes to exit station in accordance with CBC. The escalators can be 
considered as a staircase of half the capacity of a staircase of the same width. The 
number of staircases / escalators must be such that a fire at the foot of one bank still 
enables the 6 minute evacuation time. The escalators must be able to move ALL the 
ultimate maximum number of discharging passengers per train up in 1 minute. This may 
require faster escalators than BART currently uses. If this is the case BART will need to 
increase the criteria for th number of flat steps at the top and bottom of each escalator. 
( For example London is apparently using 150 ft / min escalators with SIX flat steps at 
each end). This may result in some complex structural issues in finding the space for 
the escalators. Staircase layouts must not leave narrow areas on the platform that large 
numbers of passengers have to pass through as this becomes a bottleneck for exiting. 
It occurs now in SF & Dublin during rush hour. 

ADAAG requires that platforms have a min. clear width of 5 ft from the platform edge 
detection. The Platform Edge Detection is 2 ft wide, plus an additional 1 ft at center 
platform door locations. This means that the platform must be at least 8 ft wide from the 
platform edge to any obstructions. Also refer to Mark Chan (Safety). 


What are the minimum 
dimensions allowed for 
stair width, escalator 
width, and platform 
width? 
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What is the minimum separation allowed for 22 feet, (TOR to TOR) was used, refer to Contract 

vertically stacked tunnels? 1Z4481 page 182 (Contract 1K0016 page 10). 

Will BART ever employ skip-stop (bypass) Refer to Rudy Crespo (Transportation). 

operation? 

a ae 

Will BART use this for off-peak layover? Yes, if the end-of-line facilities are provided. 
further information from Transportation. 


What are the systemwide impacts on train Refer to Rudy Crespo (Transportation). 
headways for the various operating concepts? 

a) Station stop on existing mainline for all 

trains 

b) Selected trains stop in pocket track with 

minimal disruption to through trains 

c) Dead-end pocket tracks with crossovers 


Is train dispatch required to SFIA from this Refer to Rudy Crespo (Transportation). 
location? 


Southward dispatching will probably be needed 
sometimes to help recovery from train delays. 
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18 Will this station adversely effect train Refer to Rudy Crespo (Transportation). 
movements on the proposed Geary Corridor? 


19 What is the preferred location for the surface Refer to Rudy Crespo (Transportation) and Marianne 
intermodal center? Do we access station from Payne (Station Area Planning Division). 
one side of Mission or both? 


as ie ee ea eee 
20 What are the ADA requirements for station ADAAG Requirements/Regulations: Refer to two 
platform development? attached files (30thsta8.mlm & 30thsta9.mlm) from 
Jeff Garcia on the subject. 
Pood De eee ee el 
21 Will BART accept No. 10 turnouts (27 MPH) for | No.10 turnouts (27 MPH) are acceptable for pocket 
pocket and wye tracks? tracks & x-overs, however No. 15 is the min. for 
mainline operations. 
i (i ae Oe og | PLE eer eee 
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APPENDIX F 


ON-LINE STATION ALTERNATIVE 
Using Existing Track & Tunnel 


(Bay Area Transit Consultants) 
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EXCAVATE BELOW DECKING 


HISSION STREET 


a ‘ 


PHASE! | PHASE II 


CUT & COVER CONSTRUCTION AT POCKET TRACK (STATION SIMILAR) 


ELEMENTS REQUIRING FURTHER STUDY AND ENGINEERING ANALYSIS 
* Location: , 


c ct 


~1.0 miles to 24th St. Station - Difficult construction within operating envelope. 
- 4.2 miles to Glen Park Station - Limits on excavation and excavation support 
- Good location for connections to MUNI systems due to high water table. 
: - Methods and cost to support/relocate numerous 
* Operation: existing utilities in Misslon Street (cut & cover). 
- Consider bored construction for 1,000 foot pocket 


- Additional station adds approximately 3 minutes track section. 


to all trafn run times. 
- Pocket track would allow turn back of Southbound 
trains after stop at 24th Street Station. ; 
- Narrow track centers at existing mined tunnefs wil! - Station on 3% grade (Criterla is 1% max. for stations}. 
result in elongated concourse for vertical circulation. : - Capital cost = $300 million* (1998 dollars). 


* At this Preliminary Sketch level of design, estimate margin of error Is -20% to +40% 


° Other: 


ON-LINE STATION ALTERNATIVE USING EXISTING TRACK & TUNNEL 


APPENDIX "F* 


3OTH & MISSION BART INFILL STATION STUDY 
FOR STUDY PURPOSES ONLY 


Apndx—f.Owg 


APPENDIX G 


OTHER ALTERNATIVES CONSIDERED 


The following alternatives were initially developed in this study: 


Alternative t — Double Pocket Turnback Station with Crossovers 
(Redesignated Alternative ‘B’ — see main text). 


Alternative 2 — Single Pocket Turnback Station with Crossovers 

Alternative 3 — Single Pocket Turnback Station with Stub-end Storage Track & Crossover 
Alternative 4 — Two-Way Single Center Pocket Turnback Station with Third Level Platform 
Alternative 5 — Stacked Back-to-Back Center Pocket Turnback Station 


Alternative 6 — Double Pocket Turnback Station 
(Redesignated Alternative ‘A’ — see. main text) 


Subsequently, only Alternatives 1 and 6 were deemed sufficiently attractive to be considered for 
further study. These two alternatives have been redesignated Alternatives “B” and “A”, 
respectively, and are fully discussed in the main text of this report. Alternatives 2 through 5 are 
illustrated in the accompanying figures and are briefly described as follows: 


Alternative 2 ~ Single Pocket Turnback Station with Crossovers 


This Alternative includes only a single platform and was developed as a possible least-cost 
alternative. However, from an operating standpoint the single pocket track obligates the 
operation of consecutive trains in opposite directions on the same track though the station. Fail- 
safe BART train control interlocking make this idea potentially feasible. Another problem is 
that, due to the alternation of southbound and northbound trains stopping at the platform, the 
headway (time between trains stopping there} would be increased and passenger convenience 
therefore substantially reduced. Accordingly, this would introduce an additional train control 
complexity. A single crossover between the mainline tracks at the south end of the pocket track 
is required to allow train entry into the 30" Street Station stop from the south. 


Disadvantages of this Alternative far outweigh the possible cost savings and it has not received 
further consideration. 
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Alternative 3 — Single Pocket Turnback Station with Stub End Storage Track & Crossover 


This Alternative requires that all trains arriving from the Eastbay which would stop at the 
proposed 30 Street Station, would have to turnback toward the Eastbay. The concept provides a 
single pocket track adjacent to the existing southbound mainline track, connected to the 
southbound mainline track at the north end of the station. A single crossover between the two 
mainline tracks would also be needed to allow turnback to the north. Alternative 3 could also be 
configured with a center pocket track using a “Y” connection to. the mainline tracks at the north 
end. 


This Alternative does not provide Daly City/SFO/Millbrae access from the new station, and so 
has been dropped from further consideration. 


Alternative 4 — Two-Way Single Center Pocket Turnback Satiation with Third Level Platform 


Alternative 4 consists of a two-way, single pocket track constructed between the existing 
mainline tracks and connected to the existing mainline tracks at each end of the station area. 
These track connections are configured as a ‘Y’ or ‘wishbone’ shape. Similar to Alternative 2, 
this. alternative must operate two-way train traffic through a single station track. It would thus. 
also require complex signal interlocking protection for fail-safe train control operations. 
However, the position of the new platform track between the two main tracks is preferred to that 
of Alternative 2 where the platform is located on one side. The primary advantage of this 
alternative is that it could be constructed largely within the public street right-of-way. Impacts. 
on private right-of-way could thus be less than the two-level alternatives, which require more 
space outside of the existing mainline track envelope. Soil mix wall construction methods could 
be utilized to confine trackway construction trenching to the center of Mission Street. 


This Alternative requires a two-way track so it has the same major operational and service 
drawbacks of Alternative 2, and therefore it has not been considered for further study. However, 
it was innovative and of sufficient interest so that an operational review was conducted. and is 
described below. 


Alternative 5 — Stacked Back-to-Back Center Pocket Turnback Station 


This scheme has only limited merit from a geometric standpoint in that it better meets certain. 
BART trackway design criteria. However, it is essentially a back-to-back turnback station for 
both directions, and does not provide for through-train movements serving the new station stop. 
Only turnback trains from either direction would serve the station, and all through-trams would 
bypass the station. This is a poor service scenario because the turnback trains would be less 
frequent. 


There is no need presently envisioned for a southbound turnback in context with current 
operations planning, and therefore this Alternative has been dropped. 
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Operations Review of Alternative 4 


Operational benefits of this Alternative include: 


The central pocket track provides operational flexibility by allowing trains to merge and 
diverge to/from main line tracks from both directions; with minimal conflict. Thus it is an 
ideal location to store disabled trains. 


If used for bypass/express operations. on the center track, the double side platforms has the 
potential to reduce station dwells by allowing train doors to open on both sides for quicker 
boarding and alighting. 


Operational drawbacks of this. Alternative include: 


In the northbound direction, the steeper down grade of the new center track from 3.121 per 
cent to 4.0 per cent may significantly lengthen braking distances for trains. 


Because the single track and platforms must share both directions, not all trains would stop at 
30" Street Station. Thus, 30" Street passengers would not receive the same level-of-service 
as passengers at other stations. 


Northbound and southbound trains diverted off the main line would have to alternate use of a 
common track, significantly reducing operational flexibility. Train sequencing and timing 
would be critical, adding to operational complexity. 
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APPENDIX H 


SAMPLE TRACKWORK DETAILS 


H-1 T-slot Rail Fastener 
H-2 Boot-Tie Installation 
H-3 Boot-Tie Detail 
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APPENDIX I 


DESCRIPTION OF ADVANCED AUTOMATIC 
TRAIN CONTROL (AATC) SYSTEM 


Reproduced from ‘Railway Gazette International’, June 2002 
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Advanced Automatic Train Control 
pioneered in San Francisco 


This month Bay Area Rapid Transit will put its Advanced Automatic Train Control moving block 
control into revenue service. Radio-based technology helps keep down installation costs in 
the $40m project to reduce headways and increase capacity on the busy A and M lines 


ORMING PART of an 
upgrade of Bay Area Rapid 
Transit’s A and M lines, the 
busiest routes on the 153 km 
network, Advanced Automatic Train 
Control is expected to obtain its 
safety case approval this month, 
paving the way for revenue service. 

BART already handles 90 million 
passenger journeys a year, and in the 
mid-1990s projections for traffic 
growth suggested that BART urgently 
needed to increase line capacity. 
Critical points on the network are the 
Oakland Wye, used by every train on 
the network, and the Trans-Bay Tube. 
Building new lines under the Bay 
would cost many billions of dollars, 
and the search for a more cost- 
effective alternative fell on resig- 
nalling to permit shorter headways on 
the existing network. 

BART began developing AATC in 
1994, working with Hughes Aircraft 
and Morrison Knudsen Corp. At that 
time $19-5m of government defence 
conversion funding was provided to 
support the adaptation of Enhanced 
Position Location Reporting System 
military radio technology for civilian 
use. EPLRS has now been in service 
with the US military for over 15 
years, and it is well suited for use in 
busy radio traffic and noisy electro- 
magnetic environments. 

AATC was installed on BART’s 
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Hayward test track, and trials were 
carried out for several months in 
1996 (RG 7.98 p463). 

Shortly afterwards, however, the 
launch of a pilot service on opera- 
tional lines was delayed while the 
project alliance was restructured. 
Morrison Knudsen withdrew, and 
Hughes (later Raytheon) licensed 
Epirs to Harmon Industries. Harmon 
was awarded a $45m development 
and implementation contract in 1998, 
with Raytheon as a subcontractor. 
Harmon was acquired by GE Trans- 
portation Systems, and the produc- 
tion version of AATC was developed 
by GETS Global Signaling and BART. 

AATC is a full moving-block 
control system designed to keep 
installation costs low. Bob Miller, 
BART’s Group Manager, Systems 
Capital Program, says AATC will cut 
headways and shorten end-to-end 
journey times, improving the ability to 
recover after delays and allowing 
BART to run its existing service with 
one fewer trainset. With fewer brake- 
to-power transitions, energy consump- 
tion will be reduced. 


Technology 

The backbone of AATC is a robust 
radio network providing data com- 
munication and radio-ranging deter- 
mination of train location. AATC 
communicates vital location data 


using the radio network 
rather than inductive loops 
or balises. 

The ‘brains’ of the net- 
work are computers installed 
at stations or other conve- 
nient points. These collate 
location and status messages 
from trains, calculate train 
location, control speeds, 
generate movement authori- 
ties and control the moving 
blocks. The calculations can 
be modified from the BART 
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control centre to enforce 

temporary speed restrictions Product Manager 

or regulate traffic. GE Transportation 
Each computer is connect- p 

ed to two station radios, Systems Global 

which serve as master radios Signaling 


in the network. These station 

radios form part of a track- 

side network, communicating with 
other radios positioned alongside the 
railway on each side of the station. 
The network uses store-and-forward 
(bucket brigade) architecture, provid- 
ing trains with multiple copies of 
every message for reliability. 

On-train radios listen to the 
lineside communications, receiving 
messages that are outbound from the 
station computer and transmitting 
status messages back. Trains receive 
commands from the four closest 
lineside radios, so even in tunnels the 
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Top: The AATC 
system architecture 
uses a ‘bucket 
brigade’ radio 
network to send 
commands to and 
from the on-train 
computers; at any 
moment each train 
should be in 
contact with four 
lineside radios 


Due to start this 
year, Phase 3 of the 
project will see the 
installation of AATC 
through the Trans- 
Bay Tube and the 
Oakland Wye, 
providing capacity 
to accommodate 
extra services to 
and from San 
Francisco Inter- 
national Airport 


train has multiple opportunities to 
hear the instructions. Use of lineside 
equipment permits simple, low-cost 
hardware to be installed on the 
trains. 

Spread-spectrum and time division 
multiplexing are used to communicate 
with trains every 0-5 sec. Messages to 
trains are synchronised, and time-of- 
arrival measurements used to deter- 
mine the location, speed and direction 
of each train. Head-end and tail-end 
radios provide redundant on-board 
communication and monitor train 
integrity and length. By updating the 
speed command for each train every 
0-5 sec, the Station Computer pro- 
vides basic Automatic Train 
Operation within a vital closed-loop 
control. 

Testing in San Francisco and New 
York since 1999 has demonstrated 
message delivery reliability above 
99-9%, with an ability to calculate 
train location to within 5 m for 
99-9% of the time, and speed to 
within 2-5 km/h. 

The plug-and-play nature of the 
network virtually eliminates the 
maintenance requirements and exact- 
ing specifications of loops and balises. 


If any radio in the 
network fails, it is 
removed from the 
network automat- 
ically. Communi- 
cation then 
continues normal- 
ly, skipping over 
the failed unit 
until corrective 
action can be 
taken. The 
maintenance 
department is 
automatically 
alerted to the 
failure.so that-a 
new radio can be 
deployed when 
convenient. On 
power-up, the 
new radio joins 
the existing network and seamlessly 
begins transferring messages to and 
from neighbouring radios without 
requiring programming or special 
software. All radios contain the same 
software, so there is no need to hold 
an extensive range of spares. 

The vital station computer calcu- 
lates the location, direction and speed 
of each train, monitors train integrity, 
and sends speed and acceleration 
commands to all trains. The vital 
station computer calculates the status 
of fixed obstacles and the position of 
the rear of trains ahead in a true 
moving-block fashion to enforce the 
correct safe speed for the train. 

The computers have off-the-shelf 
Motorola PowerPC processors, with 
checked-redundant architecture for 
safety. Diagnostic and logging func- 
tions are provided, along with local 
displays of the status of trains in the 
area. Errors in lineside or on-train 
equipment are reported for use in 
maintenance planning. 

A non-vital processor can supply 
speed request information to the vital 
computer to co-ordinate the move- 
ments of trains, implementing sched- 
ule recovery or energy management 
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algorithms. Each computer has a set 
of processors configured as a hot 
standby unit, able to take over 
control on the fly. 


Mixed operation possible | 

GETS Global Signaling developed 
AATC to meet the requirements of 
the urban transport industry, rather 
than for a single customer. AATC can 
be integrated with traditional sig- 
nalling and legacy on-board equip- 
ment, meaning the control system 
does not need to change significantly 
when AATC is installed. 

With AATC, the only lineside 
installations are the radios, power 
supplies and station computers. 
Configuration and programming are 
automatically carried out by the 
system. 

When new train control technology 
is deployed on an existing railway, 
phased installation can reduce disrup- 
tion. AATC can overlay existing in- 
cab signalling, providing AATC- 
equipped trains with speed commands 
by radio and using existing track 
circuits to track unequipped trains. 
Trains enter AATC territory at line 
speed, seamlessly reverting to cab- 
signalling control as they leave. 

Station computers are designed to 
interface to the existing signalling for 
tracking unequipped trains, but can 
also be operated as a stand-alone 
control system without underlying 
track circuits. AATC allows for 
operation without track circuits, but 
is compatible with installations 
requiring broken rail detection. 

Not every section of a metro needs 
to be equipped with AATC, which can 
be installed incrementally according to 
traffic and budget constraints. Mixed- 
mode operation is possible, with both 
AATC equipped and unequipped 
trains operating in the same area. 
Instead of equipping the entire fleet 
with AATC technology at one time, a 
migration path is available for instal- 
lation, with commissioning of lines 
and trains as the need arises. ™ 


APPENDIX J 
ITEMIZED CONSTRUCTION COST ESTIMATES. 


SCOPE OF ESTIMATE 


The work of the proposed construction would include furnishing all labor, equipment, materials 
and services required to construct a BART station in San Francisco at 30" and Mission Street. 
The station would be constructed while maintaining the BART system fully operational. The 
following three alternatives have been considered: 


1. Alternative ‘A’, On-Line Station, including tie-ins to operating mainlines and 
removing/abandoning existing mainlines after the station and new mainlines are 
completed. 


2. Alternative ‘A’ With Station Pocket Track, same as above plus constructing a new 
Pocket Track south of the proposed 30" Street Station. 


3. Alternative ‘B’ Off-Line Station, including tie-ins to operating main lines and 
construction of four new number 15 turnouts and one number 15 crossover. Existing main 
lines would remain operational. 


Each Alternative estimate is divided into the following facility groups, which could later be 
developed into possible contract packages: 
1. Tunnels 
2. Cavern (south tie in) 
3. Cut and Cover Station 
4. Cut and Cover (north tie in) 
5. Pocket Track 
6. Systems, Including Trackwork 


Additional cost items for each facility and structure estimate consist of the followmg estimated as 
a percent of facility constriction: 


1. Site Preparation/Demolition 

2. Traffic Mamtenance & Control 
3. Utilities and Relocations 
4 


Site Restoration 
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5. Unforeseen construction activities (de-watering, underpinning, settlement monitoring 
and control, noise and vibration mitigation, etc.) 


QUANTITY DEVELOPMENT 


Quantification for this estimate has been developed from the drawings and sketches included in 
this report. Linear and lump sum quantification was used based upon BART historic costs 
developed for Eastbay and Southbay BART extensions contract packages and ongoing 
“Replacement Value Estimates” for the BART Seismic Retrofit Project. 


PRICING BASIS 

All unit costs in the estimates are representative of contractor bid prices at first quarter of 2002 
pricing levels. Unit rates in the estimates include contractor indirect costs, mark-up and profit. 
BART General Conditions: 


A five per cent allowance of construction costs has been utilized to cover the following: 


Differing site conditions 

Partnering 

Dispute resolution 

Operating system access delays. 

Construction safety incentives / disincentives 


Engineer’s office, vehicles and services 
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Operation and maintenance instructions and personnel training 

City Impesed Conditions: 

A 10 per cent allowance of construction costs has been included in the estimate to cover costs for 
traffic and MUNI re-routing and restoration costs, and street and limited neighborhood upgrades. 
after construction. 


Contingencies: 


A 25 per cent contingency allowance is included in the estimate. This contingency covers 
design, scope, construction estimating and pricing contingency up to the project completion. 
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Soft Costs: 


The following line item costs have been included as a percentage of the total construction costs: 


1. Pre-project / Environmental studies 3% 
2. Preliminary Engineering 4% 
3. Agency administration 5% 
4. Community outreach 1% 
5. Professional services (Engineering, Project Management, & Construction 30% 
Management 

6. Pre-operating expenses (Start-up and Testing) 2% 

Escalation: 

Excluded. 

Schedule: 


Schedule impact is not included in the estimate 
Assumptions: 
The following assumptions have been utilized in developing this estimate: 


1. It is assumed that the contractor would be required to provide necessary insurance 
coverage in addition to BART OCIP insurance, and these costs are included in the unit 
cost rates. 


2. Utilities: water, gas, power, telephone, temporary electrical power, water and other 
temporary utility costs would be provided by the contractor and are included in the utility 
allowance item. Agreements costs between utility agencies and BART are included in 
“soft costs” items in the estimate. 


3. All property acquisitions including easements, encroachments are excluded. 


4. Soil improvements. around the existing operating BART tunnels are included in the 
estimate as a linear-measure cost allowance along the station and cut-and-cover 
segments. 


5. It is assumed that tunnel segments could be constructed at least a tunnel-diameter width 
away from the existing operating tunnels, thus avoiding possible settlement in the 
operating tunnels, and eliminating the need for soil improvements along the tunnel 
segments. 
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Exclusions: 


In addition to the above, the following are also excluded from the estimate: 


t. Right-of-way costs 
2. Escalation beyond 1* quarter 2002 
3. Environmental and hazardous works 
4. Project insurance 
5. Fimancing and interest during construction 
6. Vehicles. 
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ESTIMATE SUMMARY. ALTERNATE A 


CO Description SC™S™~™~C~CSCSCCW UNIT QUANT 
SN cn a ee ee ee ee eI SIO 
as 
tie < RUNGE co Je en Ge er eS 1| 84,235,320 84,235 
EE SE Oe EEE ae ECE! Beal en SD tree 
| | Caven@Tiein (‘i SCE 24,240,000 21,240 
Pe Ph Se et det Ran eines A ete eae eee ee eas ee = ee ae 
| | Cut & Cover Station LS 4 75,627,520 75,628 
i EERE Ree Re, Oey IRE Ss eee 
| { Cut & Cover @Tiein LS 1 23,577,600 23,578 
a een re ee ee ee ee 
|_{ Systems C(“‘(CSNSC*#*RSUS*T 4] 22,502,625 | 22,503 
ee em rd ee eee ee ee sl 
|__| __ Sub Total i ee Pees 227,183 
[2 ee er ae rer aren, Er See) Sno, eee aay 
|| Mobilization 22,718,307 22,718 
fe i NO ee re ee eg ee ee oe ha SC ae Le 
| | BART General Conditions 1% | 51 11,359,153 11,359 
eh ees re re OSE SGy NE eee ee en | 
| | Gity Imposed Conditions 22,718,307 22,718 
ae Spe oe ae eee Oe a Ene Ee Sein 
|__| Sub Total, Construction Cost 5 a a ee 
a a ge ee Se (eee eee ic 
Contingency, { % of Construction Cost ) 25 65,315,131 65,315 
BER ee ine CEs cu ioe ee em ea: aE: pape Cee AW Re ree oe SHY 
Soft Costs:( % of Construction Cost ) 5 ee ees es 
a Ear i i kee ES OD, ONES Soc aenee Gre meaT 
Pre-Project/ Environmental Studies 3 7,837,816 7,838 
Preliminary Engineering 1% |  4{ 10,450,421 10,450 
Agency Administration % 5 13,063,026 13,063 
Community Outreach 1 2,612,605 2,613 
Professional Services, ( Eng..PM & CM 78,378,157 78,378 


Pre-Operating Expenses, (Start Up & Testing ) §,225,210 §,225 


Total Project Cost @ 2002 Dollars 444,143 


Right of Way Costs 
Escalation 
Environmental & Haz Mat 


Financing & Interest During Construction 
Vehicles 


| | Grand Total 
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Te lies & Relocations) SSCS CO 8880 
719,960 749,960 
bs TUnforeseen Construction Acivides 1 Sd Sd TO] 7, 198,600 715,600 
pee ee eee SUBTOTAL | | §4.236,520 


BART 30th St Sta. A 


}CONCEPTUAL ESTIMATE 


‘ iCONTRACT ITEMS 
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CONCEPTUAL ESTIMATE 


QUANTITIES BY le Rasi i 4/1102 ESTIMATE NO. 
: ! 
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13 Unforeseen Construction Activities 
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(J 
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LENGTH. x WIDTH 
DESIGN SECTION 


| Cut & Cover Tunnel 
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188,000 
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SUBTOTAL 21,396,000 
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Trackwork & 3rd Rail 3 


P| 2 ~~ Pocket Track Trackwork & 3rd Rail 1,900 
Pocket Track EQ Lateral Turnout i 300,000 


2,676,700 
684,000 


2,076,800 | 


22,489,500 : 
224,895 224,895 
674,685 674,685 
224, B55 224, 355 
2,248,950 2,248,950 
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BART 30th Street Station @ Mission Street 


ESTIMATE SUMMARY. ALTERNATE B 
ee ee ee ee 
OG Dena, SEER 


X $1000 


re oor sera 578,720 | 79.578| 579 


aS a 

|_| Cavern @ 15 Turnout sa a 21,240,000 ——$§ 240 
ei oe eae ee 
a Cut & Cover Station AS. ETe aat 63,107,840 63, eS 


——————————— Cut & Cover Turnout & Crossover Structure EE 46,233, ee 
pilwerae a e 
Lt Systems St 28 007,625 25,608 

es ee es ee ee ee ee 
|_|. SubTotal ee eee eee 235,768 

Se eee ea ee) SNe GARR: Rees eee, 
|_| Mobilization 023,576,779 
SS Sea ae es Se (IE, (TN pee maiiar (TT 
|_| BART Genera! Conditions p % | 5 | 11,788,389; 11,788 | 
I a ec 


al ae Sees 
[| City imposed Conditions 23,576,779 23,577 
oN gece cee gto cree a ae as ne nee pes es Ce ae ee ee al 


| | Sub Total, Construction Cost ane eee 271,133 
ee a ee Bee SN Ce ese ne ESSE 
| | Contingen % of Construction Cost 67,783,238 67,783 
ee ee ee ee ey Sea Ta 


|_| a eae 
|__| Soft Costs:(% of ConstructionCost) 
Dae ee i ee SN 
|_| Pre-Project/ Environmental Studies | 
|_| PreliminaryEngineering 
|_| Agency Administration 
|_| CommunityOutreach 0 


ea ae 
LS 
RRA a ee OK, 


ae ee eT ERE) ORES (NET 
ee 
RAN a oa a ee 
|_| Financing &Interest During Construction 0 
Vehi ESSA (Sean core 


|__| Grand Total Ee ae es Ie 
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BART 30th Street Station @ Mission Street 30th BART 30th Street Station @ Mission Street Station @ Mission Street | 


CONCEPTUAL ESTIMATE 
ee 


DESIGN SECTI TQUANTITIES BY fe Rasi TESTIMATE NO. 
QUANTITIES CHCKD. BY DATE 40202 ___|PRICED BY. | _E. Rast 


fuNT i _«EQUANTITY PRICE AMOUNT 


Ne a ee ee a Cees RSE Oe Dea 
7 
a pce SOO LE tram Staion a0 4,000.00 | __ 1,800,000" 
Ventilation Structure with Equioment | | tS 2,000,000 [2,000,000 | 
Sent Stor win Eetenet isan 
a a 
[a Si Preparation [28802 
[Ts Hrafe Maintenance & Conte [Tf st 29d. dg | ; 
PS Ullies & Retoeatons | eae ee 
[Site Restoration [ge 
a a EE 
|___79,578,720 | 
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"BART 30th Street Station @ Mission Street 


| | 3. |Tie ins to Mainline 


| | |Sub Total Structural Items |_| 


il i ee ee Oe ee 
[| 4 |site Preparation | Tm P| 360,000 
|_| 5 |fretfic Maintenance & Control {| [| al 540,000 


| | 6 [Utilities & Relocations 1% | 2 360, 000 | 360,000 | 

[C7 Site Restoration | Tt 180,000 180,000 | 
|| 8 |Unforeseen Construction Activities: a2 1,800,000 
SUBTOTAL 


File Name:BART 30th St Sta. 8 


;QUANT TIES BY 


QUANT ITIES CHCKD. BY DATE 4/02/02 


Ee meee 


(i aaa SS ea eee ee fe eo ete tee 
50,000 '__ 12,000,000 
Construction Shafts, Operation & Handling 1,000,000 {2,000,000 


ie Rasi | i 


COST INDEX 


AMOUNT 


ESTIMATE NO. 
PRICED d E. Rasi 


i 
: 


Cavem @ Turnout 


360,000 


21,240,000 


ER Cea ene ee 
ae asl a ee eee, 


i | 540,000 
1,800,000 | 


DATE:4/3/02 


i 
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{CONCEPTUAL ESTIMATE 
aaa aa a ea ee ee a Pe rrr a Sone ee ee DET Lae eG 


{LENGTH x WIOTH 
IDESIGN SECTION 
QUANTITIES CHCKD.BY | CATE QODO2 [PRICEDBY. | ERasi | 
TO costinnex Tn 
Pino ae eee tae ee cen 5d ip ed ee oe See 
sao ae ee 
PS ieoemractivems. OT | Quanttry | price Jamounr | | 
fy fe ee eo ee Me Pe Wea A fee ee eS Se et ee ee ee I ee 
y (7 TGat& Cover Station, 730'Stucture S| CU CSCC HOOT B00 22,410,000 | 
. | 2 |Soilimorovement, 1500 LF within Station | =| CLF CT 1500] 4 oco T6000, 000 | 
Station Architectural Work 
\ 2,244,000 
y 1.5 (Station Electrical Work TSC CES O0 TOT 4.482.000 | 
|| 6. lEscalators) | St—CSC C‘dLSC EA 750,000] 6,000,000 
[SubTotal | TOT 49,303, 008 | 
fe oe [en ie rw ee A ee ee Ale ale ee ea 
rt 8 |SitePreparaton |. ss Cd] UCSC a7g090 fF 479,090 | 
Yj; 9 traffic Maintenance & Control) | | CU CC~dC“( ‘CSCO 2,465,150] | | 2,465,150 | 
| 110 Utilities & Relocations) ) SSO CT CU TTC~C“‘(‘;‘CSSCST 24051507 2,465,150 | 
[| 11. |SiteRestoration | > SC] COT 651507 2,465,150 | 
[Unforeseen Construction Activities | S| STO) 4 930,300P 4, 930,300 
-———__12_jUniereseen Gonstucton Actes —————_——rarerorat C83 107,840 
ee le ee ee ee eee oe eS ee ee ah ee in ee 
pt 
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BART 30th Street Station @ Mission Street : | 
a aE a a ele ea a ees 
i 


‘;CONCEPTUALESTIMATE | 


Pf | 


| 


i 


‘STRUCTURE 


SQFT i j | l 
QUANTITIES BY |E Rasi 4/1/02 ESTIMATE NO. 
DATE 4/02/02 


QUANTITY 
| | 4 [Cut & Cover TO & Crosover Structure, 740° 30,000 i 22,200,000 
| | 2 [soil Improvement around exist. Tunnels 1,480 4,000 5,920,000 
3 |Tie Ins to Mainline bee 2,000,000.00 8,000,000. 
|_| __{Sub Total Structural Items | PTT 36,120,000 


SS RE aa Pe Se a 
|_| 6 [Utilities & Relocations TT TST 4.806,000, 1; | 1,806,000 
| | 7 |Site Restoration {| % | S| 1,806,000] | | 1,806,000, 


{| fsuprorat | a 46,233,600 
A A Sa aa ea ema i | Se a ae 


_ 36,120,000 


File Name:BART 30th St Sta. B TO&Crossover DATE:4/3/02 


‘BART 30th Street Station Mission Street 


QUANTITY | _PRICE__ [AMOUNT 


Se Fa ASS RR De Ee ee ee ee 
P| 4 ([trackwork&@ 3rd Ral: TC OR OT 4 7OT 710] | | 2 960,700' SS 
PT 2 NAS TOU EA 4 300,000 fF TT 1,.200,0007 
PL 3 [No iS Crossover tC CCT CEA Tt 600,000] S| | 800,000 Si (s*” 
P| 4 si[ Traction Power | CC CCR OT 470TH TT 834,800) Ss 
(| 5 C{trainContto’ St t—“‘i;RSSCCOC‘(‘(#*L(COC‘*dTSCdCS;SR. St | 4,200} 5,004,000 
|__| 6 {Communications & Station SCADA sd] S| | ORF OU 4,170] 400 | __1,668,000 
L_ 1,000,000 

[TeintoLMA. oT TCU TS 3,000,000 [ts 3,000,000; 

i__}_ 5,000,000 
Sub. Total Systems items pi 22,267,500] 
a a a a a ee ee ee ee 
Site Preparation a | > > 
Traffic. Maintenance & Control -_% _{ 3 __66g.o26 | Tj 666.026 | 


ee) Ne cstlet ce) aries Bees a 
Site Restoration a eee eee 
Unforeseen Construction Activities beet tu a.geb. reo | __}_2.228,780| 
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